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ABSTRACT 


The earliest and mo$L complete articulated skeletons of Fossil metaiherians yet known are represented by four specimens of 
Pucadelphys andinus from the Santa Lucia Formation fearlv Pateocene) at Tiupampa in southcentral Bolivia. Two sets of what 
arc interpreted to be mule-temale pairs were found in a three dimensional, life-like, snout-rump position in burrow-nests that were 
apparently dug in a bank along a meandering river. The animals probablydie d as the result of a flood which entrapped them in 
Lheir burrows and filled the latter with water and sediment. A detailed comparative study of the postcranial bones reveals that the 
vast majority of character stales in Pucadelphys arc regarded as mammalian, tribosphcnic or meiatherian plesiomorphies (c.g. atlas 
not perforated by transverse canal and with a persisting suture between the ossified imercentrum and atlantal arch: absence of 
transverse canal on axis, with possible uni used rib; absence of enclosed transverse canal on CV7: robust Fibula; presence of ossified 
os marsupium: etc.). Character states of uncertain polarity include the presence of only one vertebra articulating with the ilium 
U-ulcral vertebra), and a long non-prehensile tail. The tarsus has a bicontact upper ankle joint (UAJ) as in living Didelphidae; 
moreover the ealcancum shows a partially plantar orientation ol the cuboid Facer which can be interpreted as foreshadowing the 
specialisation of later Didelphidae; the situation then is more advanced than in the '‘plesiomorphic metaihcnan morphotype" of 
Szalay (1982 a, b: 1984); the only characters of the latter persisting in Pitcadelphvs are the large peroneal process and the 
remarkably broad transverse dimensions from peroneal process to the medial margin of the sustentaculum". Collectively these 
characters support the vie vv .based o n the si ud y o t the skull an d de n t i li on l, M a rs ii a il & M u izon . 1995), i h a l Pu codsiij > h w re p resen i s 
the plcsiohiorphic taxon within the family Didelphidae, Functional considerations of the skeletons suggest that Pucadelphys was 
essentially terrestrial, quite agile, and possessed limited bounding and digging capabilities. 


Marshall, L.G.& Sjgognea u-Russmx* D. T 1995.— Part 111: Postcranial skeleton. In: Mut/.ON, C, de (ed, l Pucadelphys 
andinus (Marsupial]a. Mammalia) from the early Palqqcene of Bolivia. Mem. Mux, natn. Hisl nat ♦, 11>5 . 91-164, Paris ISBN : 
2-85653- 223-3. 
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RESUME 

Troisifeme partic : le squelelte poslcranien 

Les squcEettes les plus ancicns el les pfas comp lets de metatheriens fosslies connus a cejour sont represerites par quatre 
specimens de Pucadelphysandums* en provenance tie Ea Formation Santa Lucia (Paifecfene irtferieur), a Tiupampa. dans le sud 
de la Boh vie centrale. Deux ensembles deceque nous avons interpr&e comme des couples malc-fcmcllecmicte conserves en rrois 
dimensions* cn position tic vie*ei disposes l£te-bechc dans eequi scmble avoir etc la herged'un meant!re Ouviatile, Ces animaux 
sont apparemmeni mortis a la suite d une inondation qui les a pidges dans leur terrier en rempJissanl ce dernier d'eau et dc boue. 
L'etude detail Ice el com pare e des os posicraniens a revele que la grande major! id des car ac teres de Pucadelphys peuvenL etre 
eons ide res com me etant dans un etal plcsiomorphe pour les Mammi feres* les Tribosphenida cl/ou les Metathericns (e.g, atlas 
imperforc et gardant tine suture entre Fmiercentrc ossifie el Tarchc ailantale; axis depourvu de canal transverse* mats possedam 
une cote libre persistante : absence de veritable canal transverse sur CV7 ; fibula robuste : presence d’un os marsupium 
ossifle ;etc.). L/existence d’uneseule vertebra fulcra]c (SI )ei d’une longue queue non prehensile constituent, eux ( des caractercs 
dc poiarite incertaine. L* articulation du msc est de type ^brcomacU com me chez les Didelphidae actuals ; en outre la facette 
cuboi'de du calcapSum praseme une orientation en partic planiaire qui pent etre imerpretee cam me pnSfigurant la specialisation 
des Didelphidae ultericurs : ce tarxe est done plus specialise que eelui du *piesiomorphic metathemm m&rphatype» dc Szalay 
(I 982a,h ; 1984 l ne le rappelant que par le grand processus peroneert du caicaneum et la largcur remarquable qui separe cc 
processus et le bord medial du sustentaculum. Prise dans son ensemble, ceLte analyse du squelelte soutiem V opinion, bas-ee sur 
Peiude du crane et de la denture, se.lon laqucllc Pucadelphys represents le taxon plesiomorphe a Fintericur des Didelphidae. Les 
considerations fonetiomfclle* resultant de F elude de ces squelcties suggereni que Pucadelphys etait un animal essenriellcment 
terrestre. plutot vif et capable, dans certaines timiies T de sau ter aussi bicn que de creuser. 


RESUME DEVELOPPE 

Les restes de squelettes poslcrSniens des marmni feres paleogcnes so nr extremcmcnl rares eL qui plus est, difllciles a identifier 
en raison de ['absence tT association avee les dents, organes sur lesquels est essentiellenient fondee la taxonomic dc ces animaux. 

Or les squelertcs studies dans cette troisieme panic sont non sculement associes a des cranes munis dc leur denture {voir Part. 

S i de ce volume), mats its sont ires complets (95% des os sont repre semes) et tres bicn conserves. I Is sont enim les plus anciens 
restes squeleitiques connus de marsupiaux, certe position etant jusqu ici tcntic par des os tarsi ens isoles du Paleocenc sup^ricut 
d'Jiaborai, BrestI. 

L’etuclc detail lee de ces squelettes est done du plus haul inlerct. Les comparisons ont etc faites, d’une part avec les rares 
squdeUes connus.de mammiferes mesozbiques: Feotherien EmoMrodon^tiu Jurassique interieur d'Afriquedu Sud + lethcricn non 
iribospheniquc Henkehtheriwn, du Jurassique superieur du Portugal, et les placentaircs du C re lace inferieur dc Mongo lie; avec 
cTautrc part les perils didelphides generalises actuels : Merachints, Monodeiphis, Mannas a et DkJelphh, avec uussi Percimetes. 

La cotonne cervicalc dc Pucadelphys cuidauis est cede d'un petit didelphideactueL si ce n est que I atlas montre la persistancc 
d^une suture entre f mterccntre et Tare neural, et que Taxis est depourvu de canal transverse et garde des cotes axiales, deux 
carac lores pritnkifs La col on no thoracique CsL non inoins gen era li see dans son ensemble ; par centre 9 a co tonne lombaire est 
interprdtee commederivee, en raison de Tallongement progressifdu corps vertebral et des apophyses transverses. el de la hauteur 
des opines neurales dirigees vers 1'avanl: une telle morphologic nese reirouve pasche/ les didelphides examines, mats bicn Chez 
la forme fouisseuse Pemnieles. Dans ce comexte, le sacrum est considere comme specialise, avec deux vertebras donl une 
sou lenient s’appuie surFIlion. La longueur de la queue resteimprccise.mais les vertebres caudalesconserv^os ne montrent aucune 
specialisation prehensile, contrairement h ce-ILes d T HenkelatHjBrium ou de Didefphh, 

La ccinture scapula!re est idenlique & celie des didelphides actuels les plus primitifs : 1 T humerus montre une vaste surface 
d*insertion pour les extenseurs* comme eelui des perlites formes terrestres ; le cubitus ei le radius sont encore ires robustes. Les 
os du carpe et de la main n T oni pas tie conserves. 

La bass in, bien que massif, presenie. comme le sacrum, des specialisations de type pemmelide, avec une grande expansion 
dorso-vent rale de Fade anterieure dc Filion, un grand foramen obi urate ur, et des os marsupiaux reduils, Au conlfaire, les os de 
la cuis.se el de la jambe sont plus primitifs que eeux des perils didelphides actuels, L astragalc n’est pas tr£s bien conserve mais 
il scmble que sa morphologte etait plus plesiomorphe que cede dc Didelphis. Quant au calcaneum, t! est depourvu de facette 
fibula ire ; il csl done plus evolue que eelui dtffinfssam le “motphotype melatherien” de Szalay (1982a, b) cl se mpproche du 
"morphotype didclphide 71 , il conserve pourtanl un fort processus peroneem interprete dans cc eonlexte particular comme un 
caraciere pltSsiomorphe. Un point imerchant concerne V orientation de la facettc cuboTdienne, consideree comme annonijanl la 
condiLkm des didelphides actuels. Lc pied lui-meme paraTt avoir £tc long et rdativement rigide. 


Source: MNHN Pans 
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Dc I ensemblede eesearacteres, lesauteursdeduisenlpour Pucadelphys andinus un rnodede vie terrestrect nan arboricole Iune 
adaptation cgnsidMecomme primitive pour les Thcria Tribosphenida. Krebs. 1991): I’asiragale el le ealcaneum en partimlier 
ne montrent pas les caracteres relies a une telle specialisation ; malheureusemcnt la configuration de la junction tibla-astragalc n’a 
pu etre precisee. nous ignororts done s’il y avail renversemem du pied comme observe par Jenkins & Me Learn (1984) chez 
quelques didelphidcs arborieoles. 

Dans le detail, la brie vet £ des apophyses epineuses dcs vertebres cervicales suggere unc bonne mobilitc du cou. L’etroilesse 
de 1'espace separant radius el cubitus imposail une rotation iimileede L avant-bras. Le developpement des meiapophysesdorsales, 
la longueur des apophyses epineuses dcs vertebres lombaires et la largeurde I'extremite distale de I’humerus constituent aurant 
de potentialites fouisseuses ; de meme, la longueur dcs epincs lombaires et la conformation du sacrum (possible mobilitc dc la 
junction sacro-iliaque. grand angle ilio-sacre. largeuret orientation de la surface iliaquedestines aux abducteurs etexlenscurs de 
la cuisse) devaieni favoriscr Ic fouissement. sans qu’une telle specialisation soil, chez Pucadelphys, poussee aussi loin que chez 
Peramelcs. Par ailleurs les proportions relatives des memhressupcricuret inffirieursont compatibles avec une bonne aeiliu? mais 
ne correspondent pas acellesd'un animal coureur tenfin cette espece sembie avoirete capable de sauter, mais sans etre reellement 
specialisee dans cette direction, 

□n ce qui coneernc le mode de vie, cette forme devait etre nociume comme la plupart dcs petits didelphides. dormant le jour 
dans tin nid-ierrier et chercham sa nourriLure durant la nuil. La connaissance des mrcurs des petits didelphides actuels (qui sont 
habituellemcnt solitaires) conduit it penserque ces quatre squclcttes associds deux a deux repr^sentem eeux de couples formes 
durant la periode de reproduction ; les terriers etaient creuscs dans la berge d'unc riviere, dont la crucsubile a rempli ces nids de 
sediments ayant lavorise laconservationen position naturelle. Cette conclusion cst corroborde par I’abondance des- I'ossiles trou ves 
dans le gisemem (coinpoitiint en paniculier des squclcttes presque eorftplcts dc grenouilles). 

Peu dc caracteres du squeleite permettent de preciser la position phylogdnique de Pucadelphys tmdimis, si ce n’est la 
configuration du larse. Cellc-ci. joints aux conclusions concernam le crane et la denture, font considcrer Pucadelphys comme le 
taxon ie plus plcsjomorphe a 1‘interieurdes Didelphidae. 


INTRODUCTION 

Postcranial bones of mammals are very important in phylogenetic studies; yet these 
elements are extremely rare in rocks of Cretaceous and Paleocene age, a time when the basic 
branches of this class became established. Associated skeletons which provide functional and 
phylogenetic information are even rarer, and those with associated dentitions and skulls are almost 
non-existent. Because of a dearth of such specimens, little is known of the early postcranial 
evolution of Tribosphenida (metatherians, eutherians and related forms with tribosphenic 
dentitions; sensu McKenna. 1975). In fact, the postcranial character states in the direct aneestor(s) 
of metatherians and eutherians are currently inferred from the study of all too few isolated 
Cretaceous and Paleocene elements, of Eocene to Pleistocene fossils, and of living taxa. 

There are. to date, only two non-tribosphenid therians (both eupantotheres) for which 
associated postcranial material is known. One is Henkelotherium guimarotae from the Late 
Jurassic of Portugal, described by Krebs ( 1987; 1991), and the other is Vincelestes neuquenianus 
from the Early Cretaceous of Argentina, which is not yet described (see Bonaparte & Rougter, 
1987 ; Rougier et a!., 1992 ; Wirble & Hopson, 1993). 

Eutherians are the best known of Late Cretaceous tribosphenids, and partial skeletons of 
Asioryctes . Zalambdalestes and Bamnlestes have been described from the ? Late Santonian and/ 
or Campanian of Asia ( Killan-Jaworowska. 1977, 1978). 

I n contrast, postcranial remains of metatherians from the Late Cretaceous and Paleocene are 
presently known only from isolated calcanea and astragali (Szalay, 1982a and b; 1984); 
associated skeletons have not been reported. The earliest nearly complete skeleton ofametatherian 
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Pig, 22, — The '"sarigue fossile 7 * from Montmartre, Cuvier collection MNHN 7905 (top) and 7904 (bottom): opposite halves of 
same specimen, type of Pe rather turn cuvieri Fischer, 1829, X I 

Fig, 22, — La sapUgue fn-ssile de Montmartre, collection Cuvier MNHN 7005 (tmuf) et 7904 (has); (not lies opposes thi me me 
spec imen, type de Perathermm cuvieri Fischer 1829 , X L 


Source: MNHN. Pans 
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Fjt.i, 23. —TEie “safiguc fossite" from Montmartre (after Cuvier 1804, PI. 19), type of Perarhemmi cuvieri (Fischer. 1829), 
FtG\ 23. — La mrigite fowile de Montmartre (d'npres CrvtFH 1804, PL 19), type dt Penirhcrium euvieri {Fischer. 1829). 


Source MNHN, Pans 











96 


LARRY G MARSHALL & DENISE S1GOGNEAU-RUSSELL. 


was long represented by Lhe classic “sarigue fossile” collected from the Butte Montmartre in 
northcentral Paris (Figs 22. 23). The fossil is from lhe “Gypse de Montmartre”, assigned lo the 
Late Eocene (t.e. Headoman Land Mammal Age. Savage el al. , 1994). It was first described by 
Cuvier (1804), named Didelphiscuvieri by Fischer (1829), and is now classified as Peratherium 
cuvieri (Crochet, 1980). 

Hence the major interest of the four nearly complete skeletons, two of which have articulated 
skulls, of the metatherian Pucadelphys amlhrns , from the Early Paleocene Santa Lucfa Formation 
at Tiupampa in southcentral Bolivia. These are currently the earliest and most complete articulated 
skeletons of mctathcrians yet known, and they provide the first opportunity to securely assess 
aspects of the postcranial structure of a member of this group at the “Beginning of the Age of 
Mammals’'. 

Unless otherwise specified, all numbers cited below, in the figure captions and in the 
Appendix (i.e. 6105. 6106, 6110, 61 I 1) pertain to YPFB. 


SYSTEMATIC PALEONTOLOGY 


The skeleton-pairs described in this study were collected with articulated skulls, one of 
which (6105) was designated the type of Pucadelphys tmdinus Marshall & Muizon, 1988. A 
detailed study of the dentil ions and skulls of 6! 05 and 6110 (as well as numerous other specimens), 
shows that both skeleton-pairs are referable to this species (Marshall & Muizon, 1995). The 
systematic position of the skeletons is thus as follows: 

Legion TRIBOSPHENIDA McKenna. 1975 
Infraclass METATHER1A Huxley, 1880 
Order DIDELPHIMORPHIA. (Gill. 1872) Marshall et a!., 1989 
Family DIDELPHIDAE Gray, 1821 
Genus PUCADELPHYS Marshall & Muizon, 1988 

Pucadelphys andinus Marshall & Muizon, 1988 

Diagnosis (postcranial skeleton morphology only). —Atlas not perforated by transverse 
canal, and with a persisting suture between ossified intercentrum and atlantal arch; absence of 
transverse canal on axis, with possible un fused rib; absence of enclosed transverse canal on CV7; 
lumbar series specialized compared to that of other didelphids (gradual lengthening of vertebral 
body and transverse processes, long anteriorly directed neural spines); single fulcra! vertebra (SI); 
specialized pelvis (ilium dorsoventrally expanded anteriorly, large obturator foramen, small 
ossified os marsupium); possible movable sacro-iliac joint; long (±30 eaudals) non-prehensile 
tail; digging specializations of the humerus (no third distal articular surface, large areas for 
extensors of forearm and carpus); robust fibula; calcaneum with bicontact upper ankle joint (LI AJ) 
(Szalay, 1982a, b), large peroneal process and remarkably broad transverse dimensions from 
peroneal process to medial margin of sustentaculum. 


Source MNHN, Pens 
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DESCRIPTION 


Measurements (in mm) of the individual bones of the specimens of Pucadelphys described 
below arc given in Tables 1 to 20 in the Appendix. 

General Features. — Skeleton-pairs YPFB Pal 6105 and 6106 (Figs 2. 24A and 25A). The 
animals are in a snout-rump position; 6105 faces to the right and 6106 to the left (referring to the 
positions as in the photos). Part of the dorsal surface and the entire ventral surface of both 
individuals are presently visible, and the latter was presumably on the floor of the burrow when 
the animals died and were fossilized. Both individuals are adults as evidenced by the facts that the 
skull of 6105 has a slightly worn adult dentition and the epiphyses, although still distinct, are all 
firmly attached to the diaphyses. 6106 is slightly larger than 6105 (see Appendix). 

On 6105, the seven cervical and eleven thoracic vertebrae are in a nearly straight line. The 
left forelimb is extended posteriorly and parallel along the body. The left hindlimb (as seen on the 
opposite surface of the block) has the femur on top of the thoracic region of 6106. the tibia and 
fibula extend posteriorly over the thoracic vertebrae to Tl 1, and the pes is on the right side of that 
specimen. These features indicate that the pelvic region of 6105 was lying upon the upper thoracic, 
neck and possibly head region of 6106. 

On 6106, the body is in an arched position as shown by the arrangement of the articulated 
Tl to C9 vertebrae. The right forelimb lies along side and nearly parallel to the body and, as shown 
by the humerus, was extended postcrolaterally. The proximal part of the left forelimb is extended 
anterolaterally under the posterior lumbar-pelvic region of 6105. with the ulna and radius flexed 
sharply anteriorly along the posterolateral side of 6105. The right hindlimb is flexed anteriorly 
under the abdominal area. The left hindlimb is extended laterally, with the tibia and fibula under 
the thoracic region of 6105. 

Skeleton-pairs YPFB Pal 6110 and 6111 ( Figs 3,4 and 26), The animals me also in a snout-rump 
position; 6110 faces to the right and 6111 to the left (referring to the positions as in the photos). The 
dorsal surfaces of both individuals are visible. Both individuals are subadults as demonstrated by the 
facts that the skull of 6110 has an unworn adult dentition and the epiphyses are unfused mid often 
separated from (he diaphyses in both individuals. 61 10 is slightly larger than 6111 (see Appendix) and 
both individuals are notably smaller (average about 20%) than 6105 and 6106. 

On 6110, the pelvic area is nearly horizontal. The tail bends sharply dorsolateral ly to the 
left and the end of the tail lies upon, and parallels, the thoracic vertebrae of 61 11. In the posterior 
thoracic region the body begins to twist to the left, with the cervicals and head completely on their 
left side. The proximal end of the right forelimb is extended posterolaterally and the ulna is flexed 
sharply anteriorly. The left forelimb extends parallel along the posterior side of the proximal part 
of the l ight forelimb. The relationship of the forelimbs and cervical vertebrae clearly shows that 
the animal was lying on its left shoulder. The right hindlimb was extended nearly perpendicular 
to the body, while the left hindlimb was in a tightly anteriorly flexed position directly under the 
body. 
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Source. MNHN. Pans 
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6111 was lying on its right shoulder with the right forelimb extending nearly perpendicular 
on the left side of the body (as seen by the position of the distal end of the humerus and proximal 
ends ol the ulna and radius). The left forelimb was Hexed tightly against the thoracic region of the 
right side of the body and the "elbow” abuts vertebrae T8 and T9. The proximal end of the right 
hindlirnb extends anteriorly under the body such that the femur parallels the lumbar vertebrae and 
the distal end (tibia and fibula) extends nearly perpendicular on the left side of the body. The left 
hindlirnb is extended unterolaterally on the left side of the body, and the distal parts of the tibia 
and fibula (and pes) lie upon the lumbar region of 6110. 

Collectively, the four specimens include about 95% of the complete skeleton. The only 
missing elements are the manus (see p. 127), the first metatarsal, some tarsals and phalanges of 
the pes, and an estimated 17 posterior caudal vertebrae. 

Axial Skeleton. 

6105 7 cervicals (left half of atlas, axis. CV3-CV7) 

9 literacies (TNT9, fragments ofTlO-Tl 1) 

6106 13 thoracics (T1 T13) 

6 himbars (LI-L6) 

2 sacrals (S1-S2) 

9 caudals (CI-C9) 

6110 7 cervicals (atlas, axis. CV3-CV7) 

8 thoracics (T6-T13) 

6 lumbars (L1-L6) 

2 sacrals (S1-S2) 

9 caudals (C1-C5, C167-C177, C207-C21?) 

6111 7 thoracics (T7-T13) 

6 lumbars (LI-L6) 

2 sacrals (S1-S2) 

9 caudals (CI-C9) 


Cf.kvical Vertebrae 

Alias (Figs 25B. 27 and 28A. B; Table 1).— Two elements: 6105, left half (attached to 
axis), ventral and lateral views; 61 10, isolated left and right halves, nearly complete. 


Fit:. 24. — Pucadeiphys andlnus. Stcreoplwvtos. A, specimen-pair 6J 05-6106. partial view. X LB. 6106. right scapula, anterior 
view; thoracic vertebrae and ribs, ventral view. X 3. 

Fig. 24. Pucadclphys andtmis. Stereophotos. A. couple des specimens 61 OS-6106. vue pttrtivlle. X 1; B. 6106. omoplaie droife, 

vrte tmterietire: vertekres ihoraaqttes el cotes, vue vein rah'. X 3, 
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Source: MNHN. Pans 
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The dorsal arch (da) is narrow ven trail y and considerably broader dorsomedi ally. Laterally, 
the dorsal arch joins the base of the ventral arch and projects as a flat, horizontal, ovoid transverse 
process (6105), constricted at the base. In 6110, only die root of the transverse process is preserved 
on both halves (b tp); but the lateral-most surface does not appear to be broken, suggesting that 
the transverse process had a different center of ossification and fused with the root only in adults. 
Anterior to the transverse process, the articular facet for the occipital condyle (If of) is wide and 
distinctly concave; posterior to it, the articular facet for the atlas body (i.e. anterior part of the axis 
sensu lata) is smaller and only slightly concave (ax f). The two articular facets (for occipital and 
atlas body) are not situated directly opposite each other anteroposteriorly: (he occipital facet 
slopes posteromedial ly at an angle of about 40°, while the atlas body facet is more transverse and 
faces mostly posterolateral I y at an angle of about 332 As for the ventral component of the atlas 
(intercentrum), what must be its lateral part appears to be suturally joined to the left atlas of 6105 
and directed towards the ventral surface of the dens. Supporting this interpretation is the presence 
of a facet on the posteroventromedia! edge of the atlas arch of 6110. immediately adjacent to the 
articular facet for the atlas body of the axis (Fig. 27C. si ); we thus assume that the intercentrum 
was ossified in the adult. The groove for the vertebral artery at the anterior base of the dorsal arch 
is deep in the adult 6105 and shallower in the subadult 61 ! 0 (t s). Behind the transverse process, 
a deeper sulcus (for “neuro vascular structures” according to Jenkins & Farrington. 1976) 
separates the latter from the axial facet. A very small canal is clearly visible on the right side of 
6110 (t c?), the posterior opening of which, just behind the root ol' the transverse process, being 
larger than the anterior one which is in front of the same process; whether this is homologous to 
a transverse canal remains uncertain (see discussion p. III). The atlantal canal for cranial nerve 
I, situated on the medial side of the occipital facet, is not closed. 

Aw (Figs 25.28C-E, 29A and 38A; Table I). — Two elements: 6105, ventral, medial and 
left lateral views; 61 10, all surfaces visible. 

fhe suture between the atlantal and axial component is distinct in 6110 on the dorsal and 
ventral surface of the body, while in 6105 it only appears as an elevated transverse ridge on the 
ventral surface, but is still distinct on the dorsal surface. The atlas component of the axis body is 
wider than the axial part. Both components have two (paired) distinct nutrient foramina on the 
dorsal face of the body. The dens is oriented anterodorsally, is slightly flattened dorsoventrally, 
and transversely convex both dorsally and ventral ly. A distinct medial keel extends longitudinal ly 
along the ventral surface of the body and posteriorly forms a broad lip. Lateral to the medial keel 
are two broad depressions which are bordered by the ventral root of the transverse processes (Fig. 
28, tp v). The neural arch (6105) is very long dorsally relative to its ventral base: lienee the anterior 


Pig, 25. — PtuMidphys aiuliiitts, Sfereopholus, A + specimeff-pair 6!05-6106, partial view. X I; B. 6H)5, cervical vertebrae, 
mtei clavicle and left clavicle, ventral view. X 3. 

Fig. 25. - PucatJelphys andinus. Stereo phot os. A, couple des specimen? 6105-6106, i uv particlUv X l: II 6105, vertehres 
re evirates, mierctavicule el davitule gauche, me vent rale. X 3. 
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Source. MNHN, Pans 
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FfG, 27, — Pucadelphys mdinus, 6110. arias: A. right half* lateral view: B, left half, dorsolateral view; C left half, mesial view 
X 13,5. Abbreviations: b rp. base of transverse process; d a, dorsal arch; If oL lateral face of occipital facet: si. surface 
for intercom rum; t s, irarrsverse sulcus. 

Fig, 2 7. •—Pucadelphysandinus. 6110, atlas:A, maitie droiie, vuelaterale; B, moitie gauche. vuedorso-iaterale; C, moitiegauche, 
vne mesial e. X 13,5. Abreviations: b ip, base du processus transverse; d a, are dorsal; If of, face late rale de la face tie 
occiptiale; si, surface pour i intercentre; t s, si 11 on transverse, 


Fig. 26. — Pucadelphys andinus, Stereo photos. A, specimen-pair 61 10-61 I 1, partial view. X l; 15, the same, partial view, X 1: 
C t 61 10, posterior vcrtebracand hindlimb: thisblock appeared to represent the posterior part of 611 Oonly after preparation; 
but the ventral surface oft his block had been prepared, white on the main block the preparation was of rhe opposite surface: 
in order to link the two blocks, it is necessary to reverse C and also turn it 90° (sec Figs 3 and 4}. X I, 

Fig, 26, — Pucadelphys and in us, Siereophotos. 4. couple des specimens 6110-6111, vue parti die, X 1; B, le me me. vue panic He, 
X 1; C, 6110 1 vertebres poster; cures et membrepos terieur; ce bloc ne s est revele re presenter la panic posted cure de 6110 
qu 'apres preparation; mais c $ est la surface vent rale de ce bloc qui avail £t£ preparee, ahrs que sue le bloc principal la 
preparation port a if snrlaface opposes; afin de retie r ies deux blocs, il a done die tweessaire de renverser C et de le tournee 
de 90 = (voir ftps 3 et 41 X 1. 
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boidei is deeply concuve :ind the atlanto-iixiai intervertebral space is lflfge. The posterior border 
ot the neural arch is straight. The spine itself is not intact but was low, long and thin; anteriorly 
it Overhangs the vertebral body (dens not included); posteriorly it only slightly overhangs CV3. 
The anteriorly lacing atlantal facets (at f) are oval, short and directed almost vertically. The 
postzygapophysial facets face lateroventraNy. I he transverse process had two roots which, as seen 
on 6105. did not unite laterally: as a result the transverse "canal" between the two roots remains 
a wide sulcus (t s). The lateral extremity of the dorsal root on both sides of 6105 is uniformly 
loikun l and does not appeal to have been broken; this may have been the attachment surface for 
a small cervical rib. a remnant of which may be represented by the bone fragment located along 
the anlerior surface of the dorsal root of CV3 of 6105. 

Ce mica Is 3 To 7 (Figs 25, 28D-E and 29A; Table 2). — Two series; 6105, CV3-7; 6110. 
CV3-7 (fragmentary). 

The epiphyses on all elements remain distinct. CV3 is notably longer than CV4 and both are 
slightly larger than CV5-CV7, which are also subequal in length. The intervertebral spaces narrow 
from CV3 to CV7 The zygapophysial facets are only slightly inclined lateroventrally on CV3. and 
become nearly horizontal on CV4 (not preserved on CV5 to CV7). The vertebral bodies are low 
and wide, and the spine was apparently short (only the base is preserved on CV3-CV5), The two 
roots of the transverse process of CV3 to CV6 unite laterally, enclosing the transverse canal (t e): 
together they produce a thick posterior process, while the ventral root has also an anteroventral 
projection or tubercle (t). There are no free cervical ribs. 

t V3 has a distinct median ventral keel which broadens posteriorly and ends in a wide lip; 
a nutrient toramen pierces the base ot the keel. The lateral depressions are well developed, but 
shallower than those on the axis. The anterior projection of the ventral root of the transverse 
process is reduced to a tubercle (Fig. 2SE. t). The spinous process is nearly vertical, very short, 
and the anterior border of the arch is closely appressed to the posterior border of the axial arch, 
suggesting that there may have been some contact between the two arches. 


Fk,. .K. - Pucctdelphys andwus. A-R. alius: A. 6110. left half, dorsolateral lace: R, 6105. left half, ventral face; C, 6110, axis, lefl 
l.itcial lace. D-E. 6105. cervical vertebrae CV2-CV7: D. right lateral face; L, ventral face. All drawn as preserved. X 8. 
Abbreviations: at I. atlantal facet: ax f. axial facet; b n sp, base of neural spine: b tp. base oflrans verse process; il. dens; 
d a. dorsal arch: il, inferior lamella of CV6; If ax f. lateral face of axial facet: If oL lateral face of occipital facet; n a. neural 
arch: n s. neural spine; pox. post/ygapophysis; prz. prczygapophysis. s, suture between atlantal and axial component; t, 
tubercle, see text: Ic. transverse canal: t p, transverse process, tp-d. dorsal root of transverse process; lp-v, ventral root 
ol transverse process: Is, transverse sulcus; v f, vascular foramen; v k. ventral keel. 


/ «., 26. Pucactelphys andmux, A-B. alias: 6110 , mairie gauche., face dorsolaierate; II. 6105. rnoiiie gauche face ventrale- 

C 6110. ttxis.Jace lateral* gauche; D-E 6105. vertexes cemcales CV2-CV7: D.face laterak droite: Eface ventrale. 
hssm en I etcu de conservation, A X. Ahrevtarians: atf.facctte atlmiale; as J. faceUe axiale; h n sp. base de t’epine 
neumlr: b tp. base du process,, s transverse; d, dens; da, arc dorsal: it. tamclle inferieure de CV6: (fax/, face laterale 
de la facet le axiale: If of, face kueratede ktfacettc occipital*; na. arc neural: a v. spine neuruk; poz, posizygapophvse- 
prr.. p>vzygapaphy.se; s. suture enttv les composenu atlantal et axial; t. tubercle, voir texte; it canal transverse-1D 
processus transverse; tp-d, mcmedorsak duprocessustransverse; lp-v. mane ventrale du process us transverse; Is. siUm 
transverse: v / foramen vascalatre; v k f curette ventrale. 


Source MNHN , Pans 
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CV4 has a broad, low, median ventral thickening that widens considerably posteriorly (it 
is nearly as wide as the posterior epiphysis); the lateral depressions are thus reduced and very 
shallow. The anterior tubercle of i he ventral root of the transverse process is quite prominent. The 
neural arch is similar to that of CV3 and had probably some contact with that of CV2. The spine 
itself was very short. 

CV5 is Hat ventrally. The anterior tubercle of the ventral root of the transverse process is 
broken, but it was clearly longer than that of CV4; the dorsal root is covered by the inferior lamella 
(lamina ventralis) ofCV6 (Fig. 28 D-E, i 1). The left part of the dorsal arch is preserved (6105); 
its anterior and posterior borders are straight. 

Between the two inferior lamellae of CV6 (the anterior part of which corresponds to the 
elongation of the above mentioned tubercle and the posterior part to the ventral component of the 
posterior process), the vertebral body is slightly concave; the expansion of the dorsal root of the 
transverse process is here separated from its ventral counterpart and is oriented more laterally than 
posteriorly. 

On CV7, the ventral surface of the centrum has a low longitudinal median ridge and very 
shallow lateral depressions. The dorsal root of the transverse process is now completely laterally 
oriented, the ventral root is reduced to a small spine, and the two roots are not fused (i.e. the 
“transverse canal” is open laterally). 

Thoracic vertebrae (Figs 24B, 29B. 30, 32A and 47A, B; Table 3). — Present in all four 
specimens; 6105. T1 to T9, ventral view (although T5 to T9 are represented only by ventral part 
of centra); 6106. T1 to 413, ventral and both lateral views; 6110, dorsal views of ventral half of 
T6 to T9, dorsal and both lateral views ofTIO toT13; 6111,T12 and T13, dorsal and partial lateral 
views. 

The presence of a small transverse process on the 14 th dorsal (i.e. LI) demonstrates that 
there are 13 thoracic vertebrae. 

As seen best in 6106. the vertebral body increases slightly in length from T1 to T13. T1 
io T4 have a longitudinal median keel which is broad and low on Tl. higher and narrower on T2 
to T4. The vertebral body is ventrally angular on T3 to T5, convex on T6 and T7, flat on T8 and 
T9, and with a longitudinal median trough bordered by low broad lateral ridges on TiO to T13 
(a feature progressively developed from T10 to TI3). 

The neural spine is broken on all exposed vertebrae, except Tl, T11 and T12 of 6106. and 
T9 and T10 of 611 1 where it is low, narrow (it thickens at the lop) and inclined slightly 
posterodorsally; it arose on the posterior half of the arch and was transversely thin at the root. The 
articular surfaces of the dorsal zygapophyses become more vertical posteriorly and are widely 
separated. 

On Tl and T2, the transverse processes which bear the parapophyses for the ribs are 
ventrally situated opposite the anterior end of the body; they are flat and project quite far laterally, 
Haring slightly after a constriction at the root. Beginning on T3 they arise more medially on the 
body, and are also more dorsally situated due to the ventral angulation of the body; they become 
shorter from T5 to T7, and on T8 (and those more posteriorly), they merely constitute a less and 
less prominent facet on the lateral side of the body, to become undistinguishable on Tl I-T12. 


Source. MNHN. Pans 
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p K -. 29. — Pucadel^iysandhm. Stereophotos, A, 6105, cervical vertebrae, dorsal view. X T B, 6106, vertebraeT10-L4, ventral 
view, X 3. 

/' fG - C} ‘ P uc I p h y s and i n us, Ste reopho k >.v. A. 6 / 05, r me/? res ce n • scales. i ■; te dorse lie. X _>; /?. 6 J 06 „ ^ r n&fc rev T / F-£< vue 


Source MNHN. Pans 
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T8 is a transitional vertebra with the appearance of the first anapophysis (ap) and the first 
metapophysis (inp). These apophyses become progressively longer from T9 to T13; they interlock 
and produce a secondary articulation at least from T10 to TI3. The costal facets are not clearly 
discernible on the vertebral bodies. 

Ribs (Fig. 24). — There are 13 pairs of ribs. The first nine pairs have luberculae and 
capitulae. while the last four pairs lack tuberculae. The distal ends of all ribs are broken, so it is 
not possible to determine their exact length. The parts that are preserved consistently show a lack 
of curvature along the ventral half, indicating the presence of a relatively deep chest cavity. They 
arc narrow, proximally compressed anteropqsteriorly, with a faint longitudinal sulcus. 

Lumbar vertebrae (Figs 29B, 30. 31.32 and 41: Table 4). — Complete series (LI to L6) i n 
three specimens: 6106, ventral. lateral and partial dorsal views; 611.0, dorsal, ventral and lateral 
views (L2 and L3 are damaged); 6111, dorsal, lateral and partial ventral views. 

The vertebral body of the lumbars (especially of LI) is very much like that of the last 
literacies, only deeper: its length increases from L1 to L4. There are usually two nutrient foramina 
(Fig. 32B. n f) on the ventral body surface of all lumbars, but they are more irregularly situated 
than those on the Lhoracics. The ventral surface of LI has u shallow median longitudinal 
depression bordered by low broad lateral ridges, almost identical to the condition of T13; on L2 
the two ridges are closer and on L3 they meet in a median longitudinal crest; L4 to L6 are gently 
convex transversely. The anterior and posterior rims curve slightly ventrally, producing an 
incipient “saddle-shape", and the body is completely platyeoclous, at least posteriorly. 

The neural spine, as seen on 6106, is very narrow anteroposteriorly (Fig. 31); it is dorsally 
directed on LI and L2. and sharply inclined anteriorly on L3 to L6; it increases markedly in height 
from LI to L4 (L4 to L6 are subequal). Due to bifurcation of the posterior base of the neural spine, 
the latter is more anteriorly situated on L4 to L6 and a basal sulcus develops along its posterior 
border. 

The zygapophyses are more robust and clearly more inclined than on the thoracics, with 
articular facets almost vertical. The meta- and anapophyses are longer than on the thoracics, as are 
[lie “trous de conjugaison”. These metapophyses are tightly interlocked with the zygapophyses 
(Fig. 30C). 

The narrow and thin transverse processes (tv p) increase sharply in size from LI (where they 
are only incipiently developed) to L6; they are inserted anteriorly on the body, all anteriorly 
directed, and project more and more ventrally from L2 to L6 where they make a sharp angle with 
the body. 

Sacral vertebrae (Figs 31,32 and 41; Table 5). — Three specimens: 6106. complete in 
ventral view (though slightly masked by underlying bones) and partly visible in dorsal view; 6110, 
ventral view of SI and part of S2: 6111. dorsal view', but dorsal wall of vertebral body is broken 
on posterior half of SI anti all of S2 (thus is visible the dorsal half of the ventral vertebral body). 

The sacrum consists of two vertebrae which together form a short and wide triangle 
(“apex" points posteriorly), but only SI contacts the ilium(fulcral vertebra). The vertebral body 


Source; MNHN 


i’UCA I) El.Pit YS ANDINUS: POSTC R AN I A L S KELETON 


109 


of S2 is longer than that of S1, as well as that of Cl. The dorsal intervertebral foramen, elongate 
between L6 and S J, is very smalI between S1 and S2, and S2 and C1. The suture between Sl*and 
S2 is distinct, and so is the ossification fissure between body and epiphyses. 



istmp 


B 



Pic. 30. Schematic representation of thoracic and anterior lumbar vertebrae, in ventrolateral view (anterior is to left); A, 
Did?[phis {MNHN A 3293 111 543), T6 t.o L3; B, Mekichirmnudicaudatits (MNHN 1988-68), T6 ro L2; 0. Pucadelptm 
nndimts (6106), T7 to L3. X 5/8. Abbreviations: ap. an apophysis; mp. metagpophysis; po. postzyeapophysis; r, rib 
attach mem; tvp, transverse process. The dots indicate the direction of the neural spines. 

Fkl 30. — Representation schemaiique des vertebres lharaciques et iombaires anferienres, en vue v emendate, rah* (Vavant est 
a gauche): .4, Didelphis {MNHNA 3293 IH5451 T6a 13; R, Mctachirus nudicaudaUis (MNHN 198R-66), T6 a L2; C, 
Pucadetphys andinus (6/06), T7a L3. X 5/S. Abreviations: ap. anapophysc: mp t metapophyse; po. posizygapophyse; r, 
point d % attache ties cows: tvp , processus transverse. Les point dies indiqueni to direction des ej tines neural es. 
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T he ventral surface of the S J vertebral body is almost flat; the sacral ribs (Fig.32. s r) flare 
anlerolaterally, and the ends bend sharply ventratly with the lowest point at about mid-length. S2 
is gently transversely convex. The transverse process of SI flares anterolateral ly and fuses with 
a posterior extension of the S2 transverse process, thus closing laterally the sacral foramen (s f). 



Fig 31. — Pucadelphv*awtimis. Stereophotos. A, 6106. vertebrae L6-51-S2.C1-C2 and left side ol pelvis, dorsal view. X 3:13. 
6106, vertebrae C4-C7, dorsal view X 3. 

Fia. .?/. - Pueadclphys andinus. SlMophbtas. A. <5/06. vertbhres L6-SI-S2. C1-C2 el edit gtatehe du hassin. iw donate. X 
3; B, 6106, vert imbrex C4-C 7 n \ ue dorsciU', X 3. 


Source: MNHN t Pans 
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1 he latter is subcircular, surrounded anteriorly and laterally by SI, and posteriorly by S2. Two 
nutrient foramina occur on the ventral body surfaces of SI and S2. The ilio-sacral angle is 
estimated to have been around 15 . 

Dorsally on SI, the prezygapophyses are expanded as two widely separated wings; on S2 
they are smaller, slightly closer to each other and, above all, not so ventrally flared. Slid dorsally 
and behind the prezygapophyses, the base of the SI transverse process is marked by a thick ridge, 
almost a step, oblique anterolateral I y; lateral to it flares the thin sacral rib. 

The base of the neural spine is preserved on S 1 and S2; on SI it extends along nearly the 
entire length of the arch, with the main part located at the posterior end: the spine was probably 
of moderate height and directed dorsally. On S2 the spine is very reduced and situated at the 
extreme posterior end only. On both SI and S2 it is very thin transversely. 

Caudal vertebrae (Figs 3 1 ,33 A and 34; Table 6a and b). — Represented in three specimens: 
6! 06. C1 to C9. ventral view; 6110, CI to C5. ventral view, C4 to C5. lateral view, C16?, ventral 
view, C17?, lateral, dorsal and ventral views, C20? and C21 ?. lateral, dorsal and ventral views: 
6111. Cl to C9. dorsal view (CI is fragmentary). 

CI to C5 are anterior caudals ii.e. those with zygapophyses), C6 is transitional, and C7 is 
the lirst posterior caudal. There were no haemal apophyses. 

The lengths of the vertebral body on Cl to C4 are subequal in 6106 (and are all shorter than 
S2): beginning with C5 there is a notable elongation. Ventrally the vertebral body of Cl to C3 has 
a broad median longitudinal sulcus bounded laterally by low broad ridges; C4 and C5 have a low 
broad median ridge which flares posteriorly (on C5 it is more rounded); the longitudinal median 
ridge becomes narrower on C6 and C7, and more elevated on C8 and C9. The anterior and posterior 
epiphyses remain distinct ventrally and dorsally. 

The neural spine of C l (6106) is very short and narrow, located at the posterior end of the 
aich, and directed posterodorsally; on C2 none is detectable; C3 is not visible: there is apparently 
no spine on C4 and C5; from C6 to C9 the fused zygapophyses form a very low hut long keel. Pre- 
and postzygapophyses are functional on CI to C5, and prezygapophyses only on C6: they remain 
oblique; C7 has only tubercles that do not contact the preceding vertebra; ana- and metapophyses 
persist and interlock until C5 or C6. 

The transverse processes (Figs. 3 J, 33 t p) on C1 to C3 are broad, situated at mid-length of 
the body, and arc nearly perpendicular to the latter; on C4 and C5 they arise posteriorly on the body 
and flare posterolaterally; on C6 the body is narrow anteriorly and the transverse processes are 
broad and “wing-like” along the posterior part of the body; on C7 these posterior transverse 
processes are reduced, and there appear narrower, posterolaterally directed, anterior transverse 
processes; on C8 and C9, these anterior components have the lateral edges bent ventrally and they 
are slightly broader than the posterior components, which are reduced to lateral expansions. 

The vertebral body of Cl6? to C21? consists of an elongate rod with greatly reduced 
anterior and posterior transverse processes; it decreases in width (but not length) from C16 to C21. 

Discussion 

Comparisons with Eoz.ostrodan-Megazostrodou, Henkelotherium, Asiaryctes and 
Bartmlesies are based, respectively, on the works of Jenkins & P arrington (1976), Krebs (1991), 
and Kjelan-Jaworowska (1977, 1978). These taxa were chosen as out group comparisons. 


Source. MNHN . Pans 
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Among living didelphids, comparison was made principally with Metachirus nudicaudatns 
(snbadult, last molar not fully erupted, LaboratoiredeZooIogie, Mammi feres el Oiseaux. MNHN, 
specimen no 1988-68), M(modelphis dome shea, Philander opossum, Didetphis virgin iana fold 
adult! and Perameles nasuta (this taxon is used because it shares numerous specializations of the 
pelvic region with Pucadeiphys as will be demonstrated below) (specimens from the collections 
in the Laboratoire d‘ Anatomic Comparee. MNHN, Paris, nos. 1967-330, A 3307, 1900-182 and 


A 




Fig, 32. — Pucadeiphys (indium, f>l06, thoracic, lumbar and sacral vertebrae: A.TI3 and LI -3 (ventral face); B, L5-6, and Sl- 
2 (ventral lace). X 5, All drawn as preserved. Abbreviations; ap. anapophysis; c. centrum; c, epiphysis; il s, iliac surface; 
n L nutrient foramen; s f. sacral foramen; s r. sacral rib; l p. transverse process. 

hiu. 32. — Pucadeiphys andinus. 6106, venebres thoraciqms, lombaires el sacrees: A, TI3 et LI-3 {face vent rule); 0, L5-6, et 
SI-2 {face ventralel X 5. Dessm en I 'etat de conservation. Abreviations: tip, tmapophyse; c, centrum: e, epiphyse: i! s. 
surface ihaque; nf. foramen nourrkier: sf foramen sitcrc; s' r, core sac re e; t p, processus transverse. 
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1880- i 020, respectively); special emphasis was laid on Metachirus because this taxon is one of, 
if not the, most primitive extant member of this group (Rfug etai, 1987). For these comparisons, 
the works by Coles (1872), Slipjer (1946) and Tate (1933) were also used. 

The first point to be noted is the vertebral formula: Pucadelphys has7 cervicals, 13 thoracics, 
6 lumbars, 2 sacrals and ± 30 caudals, which is similar to that of many living didelphids (e.$. 
Dideiphis, Metadurus, Philander}. 

Atlas. — No atlas is preserved in Henkeloiherium. Sutural linkage of the ossified 
mtci centi urn with the atlantal uich, as suggested in the above description ol Put 'adelphvs, was also 
observed in Banmlestes. but not4 sioryctes or Eozostrodon. A persisting suture between these two 
components makes the atlas of Pucadelphys less derived than in Metadurus, Monodelphis and 
Diddphis. where synostosis is complete. The presence of a fully enclosed transverse canal (though 
very narrow) is recorded in Banmlestes and considered as a derived state; this canal is not present 
in Asiorycies. Diddphis. Monodelphis or Metadurus (which means that the arteria vertebral is 
ran in a groove at the base of the transverse process); it thus seems doubtful that the liny canal 
mentioned in Pucadelphys 6110 (Fig. 28, t c?) is homologous with the transverse canal, since the 
arterial sulcus is clearly visible at the base of the transverse apophysis; besides, a liny canal similar 
to that in Pucadelphys is recorded in Caenolestes by Osgood (1921). who does not consider it as 
homologous to the transverse canal. On the other hand, the non closure of the canal for cranial 
nerve I as described in Pucadelphys is known only in three living marsupial genera {i.e. 
Perameles. Marmoset and Monodelphis). Other similarities with Monodd phis and Metachirus 
include the shallowness of the concavity of the axial facet and the shape of the transverse process. 

In conclusion, only one character of (he atlas of Pucadelphys (persisting suture between 
ossified intercentrum and atlantal arch) is more primitive than in the atlas of the living non¬ 
special i zed didelphids. 

As is. — No axis is preserved in Henkeloiherium . The large intervertebral space (between 
atlas and axis) observed in Pucadelphys was also recorded in Eozostrodon and, based on the 
i egular anterior concavity ol the axis, was probably present in /kviorvcTes' and Bunudestes, Among 
the examined didelphids, this space is longest in Dideiphis . where the axis is very specialized 
anteriorly (i.e. the spinous process is very deep with a ventrally protracted anteroventral edge). 

The suture visible between the atlantal and axial components of the axis body (less 
accentuated in the adult 6105 than in the subadult 6110) is typical of primitive mammals as well 
as living adult marsupials: it is discernible in Metadurus (but only faintly visible in Perameles. 
Monodelphis and Dideiphis) and is also recorded in Zalambdalestes and Asiorycies. The axial 
part is shorter than the atlantal part (dens excluded) in these last two genera; it is longer in 
Metachirus. Monodelphis, Perameles and Diddphis, as in Pucadelphys. 

The axis spine of Pucadelphys is not as specialized as in Asiorycies or Zalambdalestes. It 
is also not as specialized as in Diddphis or Perameles, but is very similar to that of Metachirus 
and Monodelphis ; as already mentioned, the anterior border of the axial arch in Pucadelphys is 
indeed more similar in shape and orientation to that of Metachirus than to that of Diddphis. where 


Source: MNHN. Pans 
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ii is more sharply inclined ventral ly. Asforlhe posterior border, it slightly contacts the arch ofCV3 
as in Metachirus and Monodelphis, but not Philander. 

1 lie two roots of the transverse process, separated in Pucadelphys, are united in the Jiving 
marsupials as well as in Zalamhdulestes: thus, the absence of a transverse canal in Pucadelphvs 
represents the plesiomorphic state. Finally, an unfused axial rib may have been present in 
Pucadelphys: among living marsupials a freely articulating cervical rib is only reported in 
Perameles (Grasse, 1967: 608), Caenolestes and Phascogate (Osgood, 1921). 

In conclusion, the axis shows two characters (absence of transverse canal -only the sulcus 
is present-, unfused axial rib) less derived than in generalized living didelphids. 

Cervical* 3-7. — The epiphyses of the cervical vertebral bodies are not distinct in 
Henkelotherium or Eozostrodon , but remain so in Pucadelphys {and in the examined marsupials 
except Didelphis). In contrast, the neural-centrum suture is open in Henkelotherium but not in 
Pucadelphys. The shape of Lhe vertebral body of the latter is similar to that of Metachirus. The 
neural spines are rod-like in Eozostrodon , low in Henkelotherium and Metachirus , almost non 
existant in Perameles. Monodelphis and Philander (at least until CV5 ) but high in Didelphis where 
they svnostose with each other (a specialization of that genus); they were reduced to tubercles in 
Asiorvctes and zalambdalestids, and apparently low and separated in Pucadelphys. 

An enclosed transverse canal is present in CV3-CV6 of Pucadelphys, but absent on CV7 as 
in zalambdalestids, Metachirus , some specimens of Caenolestes and several other marsupials 
(e.g. Perameles): this again represents the plesiomorphic state. There were no cervical ribs other 
than axial in Pucadelphys (nor in Henkelotherium , but possibly some in Eozostrodon). 

1 he presence ol an inferior lamella on CV6 is typical of all therians known in that respect, 
including Asiorvctes and Banmlestes ; the situation is not known in Henkelotherium. 

In conclusion, the cervical vertebrae in Pucadelphys resemble those of living generalized 
didelphids. 

In summary, primitive characters of the Cervical vertebrae of Pucadelphys (i.e, absence of 
a transverse canal on atlas, axis and CV7, possible axial rib, shape of the axis arch) are not 
collectively found in any of the living didelphids examined. 

Thoracic vertebrae. —In Henkelotherium the number of thoracics and even presacrals is 
not known, and no certain thoracic vertebra is preserved. 

The number ol thoracics in Pucadelphys (13) is the same as in living didelphids and 
Perameles. T8-T9 are transitional vertebrae in Pucadelphys (Fig. 30C) and Monodelphis, T7-8 in 
Didelphis (Fig. 30A), T9 in Philander and T9-10 in Metachirus (Fig. 30E). 


Fits. 33. — Pucadelphys anduim. Sterecphoios, A. 6106. vertebrae C4 to C*>, ventral view. X 3; R, 6105, left partial pcs, dorsal 
view. X 3, 

Fig. 33. Pucadelphys andinus, Stercophotos. 4, 6106. vertebtes C4-C9 . vtie ventrnlc X 3; B. 6105. piedgcntche, partial, vue 
donate, X 3. 


Source MNHN. Pans 
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P tp -- 


Fl * 1 14 ' Pmulelphyf und'mns. Caudal vertebrae: A. 6106, C4 to8, ventral Lice; B. 6110, Cl7?, C18?, C207 and C21 ?. ventral 

lace. X >. All drawn as preserved. Abbreviations: at p. anterior transverse process; e. epiphvsis: c. centrum; t p transverse 
process; p tp, posterior transverse process. 

F,a 34 - ~ PucJidciphys andinus. Vmebres caudales; A. 6106. C4-C8. face ventrale; fl, 6HO. Cm, CIS?. C20?. et C2V> face 
rwirmfe. X 5. Oesslns m I',Hal tie conservation. Abrevkmons: at p. processus transverse (interim,-; e epfphvw e 
centrum; I p; process#* transverse; t p, processus transverse pasterieur. ' ’ 


Source: MNHN. Pans 
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In Asioryctes (only the first thoracic is preserved) and Banmlestes {the last three preserved), 
the transverse processes are short; there is no spine, only a tubercle: the vertebral body is wider 
than long; and accessory processes (meta- and anapophyses) are also present. 

In Didelphis. Peramele.s and Metachinis , the thoracic spines, longer in the anterior part of 
the series than in Pucadetphys, become short and stouter posteriorly; in Monodelphis and 
Philander, they are short and inclined more and more posteriorly, while in Didelphis they contact 
each other on the posterior vertebrae, a specialized state relative to that of the other senera, (n 
Piicadelphys . there is no evidence of an anticlinal spine, no more than in living didelphids, but in 
Pemmeles the spinal orientation reverses at Til. Finally, in Piicadelphys, Metachinis and 
Pemmeles , the epiphyses are distinct, whereas they are hardly so in Didelphis or Monodelphis. 

In conclusion, the thoracic series in Piicadelphys , though not completely preserved, is 
comparable to that of Lhe living didelphids. 

Lumbar vertebrae. — The number of lumbars is not known for certain in Hmkelotheriwn, 
but is estimated to be at least six; there were possibly seven in Banmlestes . and there are six in 
living didelphids as in Piicadelphys. In Pucadetphys, Metachinis, Monodelphis and Pemmeles, 
as in Banmlestes . the lumbars show a lengthening of the body more posteriorly in the series than 
in Henkelothenum, Philander or Didelphis. The epiphyses are distinct in the latter genera, not by 
a suture, but by a thickening of the ends; they remain distinct by a suture in Piicadelphys , 
Metachinis and Pemmeles. 

In Piicadelphys , the lumbar spinous processes are narrow, high and dorsalty or anteriorly 
directed as in Pemmeles : in Metachinis, they are long, low and posteriorly oriented in the anterior 
lumbars, then they become higher, straight and finally slightly anteriorly directed; this arrange¬ 
ment is intermediate between that in Piicadelphys on the one hand, and that in Didelphis or 
Philander in the other, where they are all low and posteriorly directed except on L6; the same is 
time o (Monodelphis. but the spines are even lower. The latter were long and low in Banmlestes, 
at least on L3. In Henke lather him the spinous processes are not preserved. 

Accessory processes are recorded on the lumbars of Eozostradon; in Henkelothenum the 
anapophyses seem to be well developed; \x\ Metachinis and Piicadelphys they are better developed 
than on the thoracics. They remain discrete in Monodelphis. where only metapophyses are 
developed, but they are stout in Didelphis. Their development seems to he related to a reduction 
of lateral flexion. 

The short transverse processes of the lumbars of Henkelothenum do not seem to show an 
elongation towards the sacrum. They are also short in Banmlestes “as in Didelphis ” (Kiclan- 
Jaworowska, 1977); those of Metachinis and Piicadelphys form a very similar gradual series, 
being anterolaterally directed (as in Pemmeles), while those of Philander and Monodelphis are 
more discrete and those of Didelphis are more robust and form a more rigid ensemble. 

In conclusion, the lumbar vertebrae of Piicadelphys form a rather specialized series (within 
didelphids at least), with a gradual lengthening of the body and transverse processes, and long 
neural spines anteriorly directed; this situation is comparable to that of Pemmeles. 


Source MNHN, Pans 
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Sacral vertebrae. — The sacrum is relatively much longer in Banmlestes Ilian in 
Pucadelphys . due principally to elongation of S2. But in both genera, it is made of two vertebrae 
and there is only one fulcra! vertebra. According to Kielan-Jaworowska (1978) this situation is 
primitive for Eutherians (the mean number of sacral vertebrae being 3). However, Lessertisseur 
&, Suban (/// Grasse. 1967: 624) state: “le nombre total de vertebres soudees en un sacrum est 
variable et ne permet guere d'envisager une iigne claire d’evokiiion”. Besides, Henkelotherium 
has two true sacrals (with two robust sacral ribs), Eozosirodcm two to three; in addition, cynodonts 
commonly had four to five (Jenkins, 1971), the Early Cretaceous triconodont Gobiconodon 
probably had three (Jenkins & Schaff. 1988) and monotrernes do have three, This would seem to 
contradict Kielan-Jaworowska s statement. Among didelphids, the sacrum is made of two 
vertebrae; but whereas the two are almost equally apposed to the ilium in Monodelphis and 
Didelphis , there is on I y one and a hal fin Philander and only one in Metachims {wh ich incidental ly 
covers less than 50% of the auricular surface of the ilium as opposed to more than 50% in 
Pucadelphys): moreover in Metachims, S2, which has even a smaller contact with SI than in 
Pucadelphys. has short transverse processes, shortereven than those of Cl: clearly, in this taxon 
considered as primitive on other grounds, there is practically no differentiation of S2 towards a 
sacral status. But Perameies , which shows numerous specializations in that area, has the same 
sacral structure as Metachims and Pucadelphys. with an even smaller auricular surface. 

lu conclude, il our interpretation ot the lumbar vertebrae of Pucadelphys as derived is 
correct, it would seem coherent to consider its configuration of the sacrum as also derived, at least 
within didelphids. 


Caudal vertebrae. — Comparison of the four distal caudate of 6110 with Metachims 
indicates that they apparently correspond to 067 + C17?, and C20? + C21 ?. Assuming that the 
subsequent caudals were similar to those of the living didelphids (see below), the number of 
can dais for Pucadelphys is estimated to be about 30. The number in some living didelphids is as 
follows: Manode!phis, 18?; Didelphis. 26 to 29: Chironectes , 29 (Flower, 1885); Philander , 32; 
and Metachims. 32. Also. Pucadelphys resembles Monodelphis and Didelphis in having 5 
anterior caudals, a transitional C6, and the posterior caudals begin with C7; in Metachims C5 is 
transitional while in Philander it is C4. 

In Didelphis, the caudal vertebrae have specializations associated with a prehensile tail 
( Krause & Jenkins. 1983:242): e.g. tail long, commonly twice or more the length of the precaudal 
vertebral column; a median sulcus for abductor muscles and tendons crosses ventrally all the 
vertebrae, zygapophyses are more vertical, transverse processes are broad and robust for muscle 
attachments and present even in most distal caudals; moreover, haemal apophyses, that enclose 
abductor tendons and muscles, are large and developed along nearly entire length of tail; finally, 
sacral spinous processes are relatively well developed, commonly subequal to the height of the 
spinous processes of posterior lumbar vertebrae. No such specializations except high sacral 
spinous processes and a very slight ventral sulcus on caudals exist in Philander and Metachims, 
haemal apophyses in Monodelphis: none of them were found in Pucadelphys. The caudal 
vcitebiae ol Henkei other him also show prehensile specializations: haem apophyses, ventral 
sulcus, and mostly considerable elongation from C6. 


Source : MNHN. Pans 
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The “evolution'’ of the caudal transverse processes observed along the tail is different in the 
examined didelphids: in Didelphis and Manodelphis the long transverse lamina divides into an 
anterior and a posterior component persisting together for a distance; in Metachirus the wide 
transverse process also divides, but the posterior component practically disappears on the vertebra 
following this division; in Pucadelphys, the situation is more complex than in this genus (see 
p. 109). As stated above, the transitional vertebra is C6 in Pucadelphys, Didelphis, Manodelphis 
and Caenolestes, and C5 in Metachirus. 

Spinous processes are totally absent on the caudals of Caenalestes and Manodelphis , very 
faint in Metachirus and Didelphis, high on anterior caudals in Perameies , while rather low in 
Pucadelphys. 

In conclusion, there is no indication that the tail was prehensile in Pucadelphys. 

Appendicular Sk.ei.rton. 

Shoulder Girdle 

Scapula (Figs 24B, 35B, 36 and 38A; Table 7). — Four elements; 6105, left, external and 
partial internal views; 6106, partial right, internal and external views - distal extremity of left, 
internal view; 61 10, distal fragment of left, interna! view; 6111. proximal fragment of left, 
external view. 

Notable features are the straightness of the posterior border (Fig. 36, pb), the relative 
anteroposterior narrow ness of the scapular plate (s p), the slight anteroposterior convexity of the 
internal face along the posterior border, the anteromedial protrusion of the large coracoid process 
(c), and the depth of the supracoracoid incisure (s i). The plate itself is very thin and the 
suprascapular border (s b) is not thickened. The spine (s), for which we have only partial views 
(the best being on 6105), is very thin, relatively high and probably deflected; it decreases in height 
proximal ly. The acromion (a) (as preserved only on 6106, right) is a thin triangular (apex directed 
posteriorly) plate-like process, set perpendicular on the anterior part of the spine and parallel to 
the scapular blade. Its anterior edge extends slightly beyond, but parallels, that of the glenoid 
cavity (g c); its anterior-most projection lies nearly dorsal to the tuber scapulae (t s). The 
supraspinous fossa (s f) seems to have been slightly wider than the infraspinpus fossa (i f) 
(testifying to a robust supraspinous muscle which itself contributes to a good shoulder mobility 
(Jenkins & Welts, 1979: 408). The glenoid cavity is ovoid in shape, very shallow, and the tuber 
scapulae high but not prominent (for insertion of the coraco-humeral ligament). The margin of the 
glenoid fossa is only slightly thickened. What may be the scapulocoracoid suture is visible only 
in 6106 (left). 

Clavicle (Figs 25B, 26B, 35A. 37A and 38; Table 8). — Three elements: 6105, nearly 
complete left, anterior view - sternal extremity of right, posterior view; 6110, almost complete 
right, posterior view - incomplete left, anterior and dorsal views. 

The clavicle has the form of a very elongate S. The scapular extremity (Fig. 37, sc e) is 
slightly oblong and was probably thickened, but it is flattened as preserved: the sternal extremity 
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Fig. 36. — Pucadelphys andinus, Left scapula, reconstructed (6105 and 6106 combined): A, external face; I), internal face: C, 
anterior transverse section; D. posterior transverse section. X 5. Abbreviations: a. acromion; a b. anterior border; c p. 
coracoid process; cs s. coraco-Sfcapular suture; g c, glenoid cavity; i 1‘. infraspinous fossa: n. neck; p b, posterior border; 
s, spine: sh. suprascapularborder. s f. supraspinous fossa; si. suprascapular incisure; sp. scapular plate; ts. tuber scapulae. 

Fk:. 36. — Pucadelphys andinus. Omoplate gauche recansatuee tbasee stir 6105 el 6106): A. face extern#; if face interne; C. 
i section tt tins vet sale amerieure: D, section transversate paste rteure. X 5- Abrdviations; a. r icromioti; a h. bat'd anteriettr; 
cp. processus coracotdien; cs s. suture comco-scapulairv: g c, cavite glenoide;if. fosse sous-epmeuse; n. col: ph, bant 
poster tear; s. fpine; v b, hard snpra-scapulaire;sf fosse sus-epineuse; s i. incisure suprascaptdaire; s p. Unnescapuktire: 
t s, tuber scapulae. 


Eto. 35. — Pucadelphys andinus. Stereophotos. A. 6105. left clavicle, scapula, humerus, ulna and radius, ventroposterior view. 
X 3; B. 6106. distal extremity of left scapula, humerus, ulna and radius, posterolateral view. X 3. 

bta. 35. Pucadelphys andinus. Stercophotos. A, 6/05. cUtcicule getuche, omoplate. humerus, cubitus cl radius, cite vetitro- 
posterieure. X 3; li. 6106, extrmute distale de Pomoplate gauche, humems.atbitus et radius, cue postiro-iutimUt. X 3. 


.Source. MNHN. Pans 
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(si e) is much flatter and expanded, concave anteriorly (for the omosternal cartilage linking it to 
the interclavicle) with a raised and thickened posterior border; it is situated at aright angle relative 
to the shaft: its posterior face is relatively flat. The anterior face of the shaft shows a spiral-like 
transverse convexity, while the posterior face is flatter. 

hiterclavide (Figs 25B and 37B: Table 9). — Preserved only in 6105, very slightly 
distorted, ventral and partial dorsal views. 

The interclaviele is well ossified and relatively long; the anterior process (which supports 
anteriorly the clavicle) and the posterior process (which supports the first rib laterally) arc only 
slightly unequal in breadth, hut the anteriorpart is shorter than the posterior one. Vent rally it bears 
a long and high keel which heightens distal ly. where the bone is as high as it is wide. The short 
triangular arms face laterally and terminate with a “costal tubercle” (Fig. 37, c t). A broad 
anteroposterior sulcus occurs at the base of the arms between the median ridge (m r) and costal 
tubercle. DorsaHy the bone seems to have been slightly concave. 



Fig. 37. — Pucadeiphys andimts. 6103; A, left clavicle and B_ irUcrclavicte, ventral face. X 5. Drawn as preserved. Abbreviations: 
a. transverse arm; :ini b. anteromedial border; c cephalic extremity: e s. caudal surface: c t, costal tubercle; g, groove; 
m r, median ridge: pi h. posterolateral border: sc c. scapular extremity; ste, sternal extremity. 

Fig. 37. — Rue add p by s andinus. 6105: A, ciavicule gauche er B, mierdavicule> [ace vmtrnle. X 5, Dessim en Veld! de 
presentation Abreviafions: a: branch? transversal?; am Ik hard antem-mesial; c e; ext remit? cephalique; c s. surface 
caudate; c t t inhere ale costal; g, si lion; m r. cote medicine; pi h< bord postera-latevai; sc e, exi remite scapula ire; st e. 
e x tren hue sternale. 


Foreumb 

Humerus (Figs 35, 38 and 39: Table 10). — Six elements: 6105. nearly complete left, 
anterior view - distal half of right, all views: 6106. most of right diaphysis, anterior view - 
complete left, posterointernal view: 6110. nearly complete right, posterior view - nearly complete 
left, internal view; 6111, distal half of left, posterointernal view - a small fragment of the distal 
end of the right. 

The humerus is stout. The head (Fig. 39, li) covers about 50% of the width of the proximal 
end, and extends only slightly beyond the level of the tuberosities; it is transversely narrow and 


Source: MNHN, Pans 
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Fig. 38. — Pucadelphys andmus. Stereophoios. A. 6110, axis, left lateral view; fragments of lefl scapula and humerus, internal 
view, lei! clavicle, anterior view. X3; B. 6110. right humerus, posterior view, left ulna and radius, internal view; left 
clavicle, posterior view, X 3, 

Fig, 3S. — Pu .cadeLphys and>rius. S/ eriophotos, A, 6110, axis, i 'tie laterale gai tche; fmgments d'otnaplait gmtche ei d 7i. umeras, 
vm> Sterne; davicttle gauche, i tie mtermtre. X 3; fl 6! JO, humerus droit, nu> pimerieure; cubitus et radius gaudies, 
vue interne; davicul e gauche, vue poster leu re. X 3. 
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curves sharply posteroventrally. The greater tuberosity (g t) is subequal in breadth, but is overall 
larger, than the lesser tuberosity (i t); it is separated from the head by a slight sulcus, and grades 
distally into a long dekopectoral crest (dp c) which extends half the length of the diaphysis. The 
large deltopectoral surface is triangular (apex points distally), planar, and somewhat turned down 
internally; it bears only small rugosities. The lesser or internal tuberosity is not sharply demarcated 
from the head (only a narrow sulcus is visible on the left side of 6106). A wide and deep bicipital 
groove {b g) separates the two tuberosities anteriorly and continues distally between the deltoid 



Fan. 39. — Pucadelphys andinus. Humerus: A + 6105, kb, anterior face: R, 6106. left, posteromedial face; C 6 \ 10,. right, posterior 
face, X 5. Alt drawn as preserved Abbreviations: h £, bicipital groove; c. capital um; dp t\ deltopectoral crest; ecl + 
cctepicondyle; nut entepieondyki en f, cmepi condylar foramen; g t, greater tuberosity: h, head; i a s, internal articular 
sulcus: I t, lesser tuberosity; n t olecranon fossa; s r, supinator ridge: t Lrochlefc 
Fig, 59. — Pucadctphys andinus. Humerus: A, 6105, gandie, face anferietire; 8, 6/06 1 gauche, fac^'jpmtero-mesidte; C 6110 1 
droit, face poxterieure. X 5. Dexsins en Petat tie conservation, Ahriviatiom: hg, silbn bivipited: c, capilulum; dp c, trite 
deilQ-peaorale; eel, eclepicondyle; cut. cutepiamdyfe; en f foramen entepicondyfieri; g t, grande mberosite; h. fete; 
kis, si Hon urtiadaire interne: I f. [rente mhertmie; a f fosse olecmnicme; s r crete da sttpitmteur: f, doc idee. 


Source MNHN. Pans 
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crest and the posteroexternal border of the bone. Distal to the deltopectoral crest, the diaphysis is 
narrow, subcylindrica! in cross-section; but the bone rapidly flattens anteroposterior]y and flares 
transversely; at that level, it is limited externally by a broad and thin supinator ridge (s r) that 
extends along about 30% of the diaphysis, Internally this expanded part is limited by the 
entepicondylar “crest" which consists of two ridges that border a pronounced sulcus, itself 
perforated by an elliptical entepicondylar foramen (en f); the anterointernal ridge ascends 
obliquely toward the deltopectoral crest. I he suture between the proximal epiphysis and the 
diaphysis remains distinct in adults. 

The distal end is transversely wide, but the articular surfaces arc low and occupy only a 
narrow part of this width. The small eetepicondyle feet) is not thickened anteroposteriorly; the 
entepicondyle (cut) is ovoid, slightly convex, and protrudes internally. External to it is a broad 
sulcus, sharply delimited posteriorly on its external side, less sharply anteriorly, and obliquely 
oiicnted (this is the intei nal aiticular sulcus ol Osgood (1921), which in Cucnolpstcs receives the 
inner upper lip of the sigmoid cavity of the ulna). The capitulum (c) is wide anteriorly; posteriorly 
it is reduced to a crest reaching the level ot the base of the entepicondylar foramen, Anteriorly the 
trochlea (t) and capitulum grade into one another without delimitation; posteriorly and above the 
capitulum, the bone is depressed by a deep and short fossa which receives the olecranon during 
flexion of lhe forearm (o f). The measurements effected on the humerus of 61 ID according to the 
method proposed by Kielan-Jaworowska & Gambaryan (1994) indicate that there was^radi¬ 
cally no twisting oT the hone. 

L liui (Figs 35, 38B. 40A-D and 45C; 1 able 11). — Six elements: 6105. left, complete 
except for distal epiphyses, anleroextemul view - isolated proximal half of right, internal, external 
and posterior views; 6106, proximal half of left, internal view (olecranon incomplete); 6110. left, 
internal view - right proximal part, external view; 6111, median fragment of left diaphysis - 
isolated proximal half of right, anterointernal view. 

In length, the ulna is equal to or slightly greater than the humerus. It is wider than the radius, 
hence stout. The olecranon process is long, with a convex upper border (6111 right); it is slightly 
inclined internally; there is no terminal tubercle. The anterior margin of the olecranon appears to 
be slightly concave. Its internal face is depressed by a longitudinal sulcus, while its external lace 
is practically flat. The “beak" of the olecranon is directed externally, with no internal projection. 

The greater sigmoid cavity (g sc) is narrow, high, oblique dorsovenlrally andexternointemally, 
convex transversely on the internal part for the humerus, and Hat on the external part, also 
apparently tor the humerus. The lesser sigmoid cavity (s sc) for the radius is apparently small and 
only slightly excavated. There is a well developed coronoid apophysis (c a), but there is no internal 
coronoid tubercle; this apophysis is strongly protruding internally, anteriorly underlain by a 
depression with an orilice. and limited laterally by a strong ridge. The diaphysis is very 
compressed laterally so as to form a ridge posteriorly; distally it becomes more ovoid, slightly 
arched and slightly narrower. No distal extremity is preserved; the most complete specimen 
(6105) did not have the distal epiphysis fused, and it was lost during fossil ization. 

Radius ( Figs 35.38B. 40D-F and4.5C; Tabic 12). — 6105. left, complete except for distal 
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epiphysis, unteroexternul view - isolated, proximal hall of right, anterior, external and internal 
views: 6106. left proximal third, internal view; 61 10, left, internal view; 6111, fragment of left 
diaphysis - isolated proximal half of right, anterointernal view. 

1 lie anteroposterior curvature ol the bone is gentle, the lateral one is more pronounced 
distal ly. The proximal articular surface (Fig. 40. p a s) is ovoid and compressed with a transverse 
long axis, and noticeably concave. Under the thickened proximal border, there follows a neck (n), 
itself immediately followed by a strong bicipital tuberosity (b t). rather highly situated. The 
anterior face of the bone is convex proximally. becomes Oat distally, the anterior ridge quickly 
disappearing; the external face, wide proximally, becomes more convex distally, where a median 
sulcus is discernible, presumably for the ulnar crest; the internal face narrows to a ridge distally. 
I he diaphysis is triangular in cross-section at mid-length. No distal extremity is preserved, 

In each case, the ulna and radius are. as preserved, in contact along nearly their entire length: 
only under the bicipital tuberosity is there a very narrow interosseous space. This testifies to a very 
limited capacity of rotation. Proximally the bones are situated anteroposterior]y relative to each 
other, but soon torsion brings the radius in an internal position relative to the ulna. 


Manus. — Nothing is unquestionably preserved of the hand, but see cautionary remarks 
under pcs (p. 139). 

Discussion 

Scapula. — In Me gazosl roclon, there is no distinct supraspinous fossa. In Henkel otheriunu 
I he scapula remains more primitive than in Pucadelphys with a massive coracoid component, but 
the supraspinous fossa is said to cover almost two-thirds of the external surface. 

No scapula is preserved in Aslaryctes. In Barunlestes, where the ventral part is preserved, 
the extensive tuber scapulae and the coracoid process were developed in a way more reminiscent 
ol me lather ians than ot modern claviculate cutherians. In Pucadelphys, the tuber scapulae is 
smaller than the coracoid process, as in Metachims. In Barunlestes, the spine starts at about the 
same level as in Pucadelphys , that is, slightly higher than in Didelphis. In the latter, the two fossae 
arc subequal (as in Pemmelgs), the spine is thicker than in Pucadelphys. the posterior border more 
convex, the glenoid cavity flatter and more complex, and the internal face regularly concave; there 
is no overhang of the coracoid process, and the plate itself is relatively thicker. 

In Philander , the infraspinous fossa remains very slightly larger than the supraspinous 


Fie. 41.1. — Pncadylphyx aiu/itms, A-C. 6105. proximal pari of right ulna: A. internal face', B, posterior face; C, external face. D. 
isolated, proximal end o I articulated right ulna and radius, anterior view. E- F. proximal end of left radius: E. 6105. internal 
liicc: F. 61 10, aiileroexiemat face, X 5. All drawn as preserved. Abbreviations: b t bicipital tuberosity; e a, corona id 
apophysis: ext, external: J'e I. fossa for exterior liguitfem; gs c, greater sigmoid cavity; int, internal; n + neck;o h, olecranon 
beak, u p, olecranon process; p a s. proximal articular surface; R. radius; s s c, lesser sigmoid cavity; U, ulna. 

40 r — Pucadelphys iindinus.-4-C. 6105, partie prournah du cubiucs droit: A, face interne i 8, face paste neure: C, face ext erne: 
D, specimen imle, extremity proximate du cubitus et du radius eti articulation, vue anterieure; FF. extrim iti* proximate 
du radius gauche; E f 6JQ5,facc interne; F t 6110, face ante ro-ext erne, X 5. Dessinx en I plat de conservation. Ah rev tali ons: 
b /, mberosite bid pi tide; c a. apophyse cornu aide; ext, extern#; fe L fosse pour le ligament exte nit; gs c t grande cavite 
sigmoYde; ini , interne; n r col: o b. hex del ole crane: o p, processus oieenmien; p a s, surface aniadaire proximate; /£, 
radius; s s t\ petite cavite sigmoide; U f cubitus. 
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fossa; otherwise the bone is comparable to that of Metachirus; but in the latter as in Manode!phis, 
it is the supraspinous fossa which is slightly larger than the infraspinous, the spine is very thin, 
the posterior border straight, and the acromion not thickened, all character states as in Pucadelphys. 
However, in Metachirus the tuber scapulae is lower, and the coracoid process less recurved 
internally than in the other two genera: the coracoscapular suture remains distinct, til least in the 
subadult specimen which we used for comparisons. Finally, the scapula of Monodelphis has a 
deflected spine as in Pucadelphys. 

It thus appears that Pucadelphys has an uuspecialized scapula, combining all primitive 
character states found isolated in living didelphids. 

Clavicle. —The assignment of this bone to Eozostwdpn is only tentative. The clavicle of 
Henkelotherium. which must have been quite long, is rounder than that of Pucadelphys and not 
widened sternally. No clavicle is preserved in the Mongolian eutherians. 

The clavicle of Didelphi. s shows (he same general features as that of Pucadelphys {but the 
torsion is more accentuated relative at least to the preserved state in Pucadelphys , which may be 
the result of some flattening during fossilization) and the interclavicular extremity more flattened; 
also the scapular extremity does not make an angle on the long axis; finally it is relatively shorter 
(1/2 of length of the scapula, compared to 2/3 in Pucadelphys). 

In Metachirus. the clavicle is not as clearly S-shaped as in Pucadelphys , and there is no 
posterior spiral convexity: but the sternal extremity is hollowed ventrally with a raised medial 
border as in Pucadelphys. The clavicle of Monodelphis is more similar to that of Pucadelphys, but 
its sternal extremity, though less angled relative to the shaft, is relatively wider; the same is true 
of Metachirus. In Perameles, the clavicle is absent or rudimentary. 

hi conclusion, the clavicle ol'Pucadelphys is that of a typical non specialized didelphid. 

Interclavicle. —The homologies of this bone have been widely disputed; it seems logical 
to consider it as homologous to the episternum of monotremes and to the “manubrium” of 
Caenolestes (Osgood, 1921). No interclavicle is known in Cretaceous therians, and, according to 
Krebs (1991), none was developed in Henkelotherium. As for Eozosfradon, the same remarks 
noted for the clavicle apply to the interclavicle. 

In Didefphis, the inLerdavicle is shorter than in Pucadelphys and the arms divide it 
longitudinally into two equal parts; it is also more concave dorsally, and the ventral keel 
completely disappears distally. Similarly in Perameles, this keel becomes considerably lower 
distally. In Metachirus the bone is very similar to that of Pucadelphys. In Monodelphis. the 
anterior and posterior parts are also quite unequal as in the latter two genera, but there is practically 
no ventral keel. 

Overall, the interclavicle of Pucadelphys is typically didelphid. 

Humerus. — In Henkelotherium, the bone is long and robust; a peculiarity is a strongly 
marked muscular insertion on the mesial face of the shaft not found in Pucadelphys. which 
presumably would represent the derived state for this character: in Eozostrodon the bump is even 
more accentuated than in Henkelotherium. Also in the latter, the deltoid crest is robust but 
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relatively shorter (1/3 of the bone against 1/2 in Pucadelphys). The entepicondyle is prominent. 
Compated to But unlestes, 6103 lias a less curved diaphysis, the del topee torai crest is more 
prominent; there is the same groove between both tuberosities. But most notable is the difference 
concerning the distal extremity, which is much wider in Pucadelphys: also Lhe entepicondyle is 
beltei developed and theie is no supiatrochlear loramen: hnally, the susepicondyfian crest is 
lacking in Banin testes, and the supinator ridge is not as wide and sharp. 

In Metachims, the bone is relatively more slender than in Pucadelphys, the dehopccloral 
surtace is as smooth and long but not deflected as in Pucadelphys. and the supinator ridae is 
idatively shorten There is no third distal articular surface; such a feature, described above in 
Pucadelphys , is mentioned by Osgood (1921 ) for Caenolestes as being exceptional for marsup¬ 
ials, and he considers it as more indicative of digging than cursorial habits. The humerus of 
Date!phis is more similar to that of Pucadelphys than to that of Metachims: the proportions of 
the bone are slightly different and the head is relatively wider, but dorsally the latter does not 
extend beyond the tuberosities any more than in Pucadelphys ; the deltopeetorai ridge extends over 
half of the length of the bone and the deltopeetorai surface is turned downward as in Pucadelphys ; 
finally, a clear sulcus also separates the entepicondyle and trochlea, without however articulating 
with the upper lip of the ulna. The situation is the same in Philander and Monodelphis, whose 
humerus is very close to that of Pucadelphys i n every aspect: proportions, triangular and deflected 
deltopeetorai surface, high supinator ridge, and distal width with a third articular surface. That of 
Peramdes also shows a deflected deltopeetorai surface, hut the hone is even stouter, the supinator 
ridge less high and a supratrochlear foramen is present. 

An interesting feature in the humerus of Pucadelphys is the great development of the areas 
for the extensors of the forearm and the carpus, although it is relatively no greater than in terrestrial 
didelphids such as Monodelphis or Metachirus. To be noted is the difference between the humeri 
of these Iasi two forms, both terrestrial, but with some saltatoriai capabilities in Metachirus. 

Ulna - Radius. — The ulna and radius of Henkelntherimn are slightly longer than the 
humerus; the proportions are notclear in Pucadelphys since the distal epiphyses of these two bones 
are not preserved, but they appear to have been subequal; the two elements are about equal in 
Diddphis and Metachirus. In Henkelotherium. the ulna and radius were more slender and closely 
appressed over the whole length; another notable difference is the stronger olecranon and the 
deeper sigmoid incisure than in Pucadelphys. In Barunlestes the two bones have proximal ly an 
anteroposterior position relative to each other, a position more typical of metatherians than of 
eutherians. The olecranon is "slightly bent forwards” (Kielan-Jaworowska, 1978) like in 
Pucadelphys, but it is shorter, notched anteriorly and terminated by a tubercle; the beak of the 
olecranon is extended internally in a lip which is absent in Pucadelphys. 

In Metachims the ulna is more gracile and the olecranon shorter than in Pucadelphys, and 
there is an even more developed upper internal lip above the greater sigmoid cavity, as in 
Barunlestes: also the lesser sigmoid cavity is more distinct and hollow. The same remark 
concerning the upper lip applies to Diddphis: on the contrary, in Monodelphis the internal lip is 
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reduced: it thus seems that, contrary to Osgood's statement, there is no relationship between the 
presence of an internal articular surface on the distal extremity of the humerus (present in 
Monodelphis) and the presence of an internal upper lip on the ulna; the latter may also correspond 
to an extension ol'lhe surface for the digit flexor muscles. In Monodelphis . the bone is again more 
grueile than in Pucadelphys . but the olecranon is as high and the morphology very similar. The 
olecranon is particularly high in Philander, but the bone is rather stout. 

I n Bantnlestes. the proximal surface of the radius is much more complex than i n Pucadelphys , 
this time in a eutherian fashion. In Metachi nts, Monodelphis and Didelphis, this surface is similar 
to that of Pucadelphys but more rounded. In the latter, the diameter of the radius relative to that 
of the ulna comes closer to that of Metachicus and Monodelphis than to Didelphis , but the bones 
are relatively more stout. 

In Metadat as and Didelphis , the ulna and radius remain slightly apart for the whole length 
in die latter and for the upper third in the former. Metachirus being thus closer in this respect to 
Pucadelphys. The two bones remain somewhat more apart in Monodelphis, the radius being more 
curved. Perameles is very specialized in this area and not comparable to the other forms examined 
here. 

In conclusion, the general stoutness of the ulna and radius m Pucadelphys can be considered 
as primitive, and no particular morphological specialization distinguishes these bones from those 
of living terrestrial didelphids. 

Pelvic G is dll (Figs- 31 A. 4!. 42 ami 47B, Table 13). 

Three elements: 6106, complete, ventral view; 61 10. left ilium (all views) and ischium 
(external view ) - part of right ilium and ischium (internal view); 6111, nearly complete, left and 
right ilium and ischium, dorsal view. 

The suture between the ilium and ischium is clear dorsally, that between the ischium and 
pubis clear ventrally. but that between ilium and pubis is less distinct. 

Ilium. —The ilium forms a little more than half the length of the pelvis, which makes it 
relatively short; its main characteristics are the strong anterior eversion, the thinness and the 
dorsovenlral expansion of the anterior part. It is an elongated, spatula-shaped bone, with a deep 
dorsoventral iliac wing, and a long but not so deep iliac body. The iliac wing flares anteroIaLerally; 
the dorsal border is acute, the ventral border even more so and the iliac cresl which unites them 
anteriorly is rounded and thin. The lateral (gluteal) surface is concave laterally in the longitudinal 
direction; more laterally and dorsoventrally. the wing is divided by an oblique crest into a concave 
lateroventral (iliac) surface (Fig. 42, i s) and a convex lateral surface. The internal surface is 
uniformly concave for vertebral muscles (anterior half) and for the sacral rib more distally 
(auricular half); the entire iliac wing remains thin. 

The much thicker iliac body is narrower dorsoventrally. but flares somewhat distally in front of 
the acetabulum (ac); its ventral (iliac) face (i 0 is well delimited and rounded. The dorsolateral face 
is slightly concave, and the endopelvic face deeply concave. The dorsal border joins the iliac wing by 
a deep notch, the great sciatic (g s n). Details of the acetabulum are not observable, the cavity being fi! led 
in all cases with the femoral head: the majority of the cavity is ischiatie. 

Ischium .— The ischium is nearly as long as the ilium, extending posteriorly from the ilium 
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as a thick longitudinal branch which flattens distally. In dorsal view this branch is twisted, the 
medial border becoming dorsolateral (long sciatic spine (s s) plus weakly concave sciatic notch) 
and at the same time the medial face becomes dorsal. The ventral face of the same branch is slightly 
convex immediately behind the acetabulum and the cotyloid notch; it becomes fiat posteriorly on 



Flo. 41. — PtK'tuielphysaudintts, Stereophotos. 6106, pelvis and L3-C6, veniral view; right tibia, fibula and tarsus, external view. 
X 3. 


Fig. 4L — Pucadelphys andinus, Stereophotos. 6106 , pelvis et L3-C6, vite ventral e; tibia, pit one et tar.se droits, vac extern#* X 3. 
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both sides: the distal branch is wide and flat and makes a right angle with the longitudinal blanch. 
The isehiaLie participation to the symphysis is not known since the suture between pubis and 
ischium is not visible at that level. The ischiatic tuberosity (i t) is little pronounced. There is no 
obturator tubercle. 

Pubis. The two branches of the pubis make an obtuse tingle one with the other: the acetabular 

branch is relatively narrow and the longitudinal branch even narrower. There is only aweakpectineus 
tubercle (pt)at the ilio-pubic junction. The obturator foramen (o t) is obliquely elongated and the pubic 
symphysis (s) relatively long. There is no pubic tubercle at the anterior junction of the two pubes. 

Os marsupial!!. —The os marsupium (nearly complete lett and right in 6106: proximal part 
of right in 6111) is a long, thin, flat and relatively short bone that is broad basally, where it occupies 
only 3 about 40% of the anterior pubic border; it tapers proximally and bends slightly laterally 
(Fig. 41: Table 14). 



Fig, 42. —Pitcadeiphys and inns. 6106 and 6! 11 combined, left lateral face of pelvis, restored. X 5. Abbreviations: J T ilium. IS. 
ischium; P. pubes, ae. acetabulum; a cr, anterior crest; c b m. coni act border for os marsupium: c ri. cotyloid notch; g s 
n. nreuL sciatic notch: i f, iliac face; i f s* inferior posterior spine: i s, iliac surface; 3 t ischiatic tuberosity ; o l' T obturator 
fora men: s. symphysis; s 1, sacral face; s s. sciatic spine; ssn. small sciatic notch. 

Fro, 42. - Puoadelphys andinus. Face la fertile gauche du has sin (reconstruction bash* sur 6106 et 61 II), X 5. Ahrevmtians: i 
Uion; IS. ichion: P pubis: ac, acetabulum; a cr. crete anierieure; c h m. bordde contact pour l'os marsupial; c n , incisure 
cotyk/ttk: g s n grande incisure sciatiqite; if. face i Hague: if s, epine inferieioe paste nett re: i s, surface ifiaqitc, i f. 
tube co site i sc h unique; of foramen ob Hint tear; s. sytnphvse; sf face sac re e; s s, cpinc sciatique: s s n. petite incisure 
scimique . 


Fig. 43. — Pitcadeiphys wuiinus. Stereo photos. A, 6106; right femur, posterior view; partial tibia and fibula, external view, X 3; 
B, 6105. left femur, tibia and fibula, external view. X 3, 

Flu. 43. — Fucadclphys tmdinus, Siereophotos. A, 6106, femur droit, vue poster ware; libiaet perones, vuc ext erne. X 3: H 6105. 
femur gauche, tibia et pert me. vite extenue X 3. 
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Hindumb 

Femur (Figs 43, 44. 45C and 47A; Table 15). — Seven dements: 6105, left, missing 
proximal end. anterior and external views; 6106, complete left, posteroexternal view - complete 
right, posterior view; 6110. complete right, posterior and both lateral views - complete left, 
anterior and partly posterior views; 6111. complete left, anterior, posterior and external views - 
complete right, anterior anti external views. 

The femur is slightly longer than the humerus: it is practically straight, and greatly 
expanded proximally. 

The head (Fig. 44, h) is wide, hemispherical, and its base is circumscribed by a suture line, 
A very shallow fovea capitis for the ligamentutn teres is visible, in unexcentric position. The neck 
is very short, making an angle of 40 with the diaphysis. The greater trochanter (g t) is slightly bent 
anteroinlemally; it does not reach the level of the top of the head but only that ot its sutural base; 
it is broad and borders externally the deep trochanteric fossa (t 0; a marked and short ridge delimits 
the latter externally; but no dear intertrochanteric ridge delimits it internally, only a marked bump 
(tc c). The lesser trochanter (11) is particularly large, lamellar and V-shaped with the apex directed 
internally: a notch joins it with the base of the head. The third trochanter (t t) is represented by 
a modest swelling on the external face of the diaphysis situated across from the distal edge of the 
lesser trochanter. 

On the anterior face, the bone is extremely concave under the crest of the greater 
trochanter, then convex except for a sulcus along the edge of the external border. Further down, 
the diaphysis is ovoid in cross-section, with an anterior flattening. 

On the distal end, the condyles protrude posteriorly as usual; the external condyle (e c) is 
wider transversely and the internal condyle (i c) longer anteroposteriorly; but they reach about the 
same level distally. Anteriorly, the patellar fossa is high, wide and shallow. The external trochlear 
crest is slightly sharper than the internal one. The susepicondylar tubercles (set) are modest but 
distinct. 

Patella. — There is no evidence of an ossified patella. 

Tibia (Figs 41.43, 45, 46,47A and 48; Table 16). — Six elements: 6105, complete left, 
external view; 6.106, complete right, external view - complete left (except for small part of 
diaphysis). internal view; 6110, proximal half of left, external view: 6111. left, external view - 
right, posterior view. 

The tibia is slightly longer than the femur. The diaphysis is nearly straight (at least as 
preserved), although in anterior view t lie tibia! crest has a slight sigmoidal curve. On the proximal 
surface, the interarticular spine is higher than the two lateral articular facets, of which the external 
one (Fig. 46. e f) is the larger. The anterior, external and internal tuberosities are not very 
prominent; a distinct fibular facet (f 0 occurs on the posteroexternal surface, just below the 
external articular facet which overlaps the shaft. Proximally, the diaphysis is triangular in cross 
section (apex anterior), while distally it is flattened externointernally. but it remains relatively 
wide anteroposteriorly. The external surface is flat proximally, then transversely concave distally; 
the internal surface, barely convex proximally, becomes flat distally. Posteriorly and proximally, 
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Fig. 44. — Pucadelphys atutinus. Femur, partly restored: A, anterior face of right (combined left and right 6106 and 6110); IT 
posterior face of right (combined toft and right 6106 and 6110); C. external face of right proximal end (6110+6111); D. 
external face of left distal end (left 6111 and right 6110 reversed); E, 6110, distal surface of right; F. 6106, internal view 
oT left distal end, X 5 Abbreviations: ec t extern al dbfidyte; e t c. externa! trochanteric crest; g t, greater trochanter; h. head; 
i e, internal condyle; i n* intercondylar notch; i tc, intertrochanteric crest; la, ligneapre; 1 1 lesser trochanter; p f, popliteal 
fossa; pa L patellar fossa; set, sus-condylar tubercle; t c bump (voirtextc): t F, trochanteric fossa; 11 third trochanter 

F/a 44. Pucadelphy s an din us. Femu r partipfiempftt restaur#: A, face nnterieure du femur droit ( recon slit it don baser sur 6106 

et 6110): If face posterieure dufemur droll {baser sur 6106 el 67 10): Cjace ext erne de / extremite proximal? dmtte {baser 
sity 6110 el 6111); D, face externa de I 'extremits distale gauche (baser surle specimen 6111 gauche et le specimen 6110 
droit retiverse); E. 611(1 surface distale da femur droit: F. 6106 p vite interne de !'extremity distale gauche. X 5, 
Ab re nations: et\ condyle externa: etc, crate troefumterienne externa; g (, grand trochanter; ft, tele: i c t condyle interne: 
hi; cehancrure intercondylieime: itc , Crete ini enroc home rierme: la, Hgne&pre:It, petit trochanter; p f fosse poplitee; 
pa f fosse pale Hat re; set , tube rente sus-eamiylien: t c c\ hosse (voir lextv); t / fosse trochantermme: 11 twisieme 
trochanter. 
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there is a wide and deep vertical depression; a faint “ligne oblique’’, which separates the popliteal 
surface from that for the flexor digitorum. continues to the mid-length of the bone. Distal ly, the 
bone widens somewhat; the internal malleolus (i mj projects slightly more disially than the 
external malleolus (e m) of the fibula. The distal articular surface itself is not accessible. 

Fibula (Figs 41 .43,45.46A. 47 A and 48; Table 17). — S i x elements: 6105, complete left 
(except for distal epiphysis), posterior and external views; 6106, complete right, posteroexternal 
view - left, anteroexternal view; 6110, proximal half of left, external view; 61 11. greater part of 
left, antcrointerna! view - nearly complete right (lacking only distal epiphysis), internal view. 

The fibula is slightly shorter and more slender than the tibia. The two bones are completely 
separated. The fibula flattens somewhat proximally and distally, while remaining relatively 
robust at mid-length: at that level, it is semi-circular in cross-section. Proximally the styloid 
apophysis (Fig. 46. s a) is prominent; a distinct tibia! facet occurs on the internal face making a 
salient lip, and the bone is strongly concave posteroexternally for a short distance. At (he distal 
end, there is a broad internal facet for the astragalus (a f) and the external malleolus (e m) is well 
developed. 



Fig. 45. — Pttcadelphys andinus. Stereophotos. A. 6106, left tibia and fibula* tarsab and two metatarsals, internal view. X 3: 
B, 6105, left tibia and fibula, lateral view. X 3; LA 6106, left femur, proximal pan of tibia and fibula (top), internal 
view; ulna and radius (bottom), anterior view, and righi foot, dorsal view. X 3. 

Fic. 43.— Pticadelphvs andinus, Stet t-of > / totos. A t 6 i| 06 . lib iaet p eroni ga i n ■ he s. to rs ie t is i u del t \ m e la la rsiet i .v, v *ue in te rn e. X 3 ; 
B , 6 105, tibia et perone gmiches, vue !aterah\ X3; C 6106, femur gauche, partie proximate du tibia el duperonHen haul A 
en vue interne; cubitus et radius ten bosl en vue anteneare ( etpied droit, en vue dorsal t. X 3. 
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Fig. 46, — Pucadelphys mulinus. A. 6106, right tibia and fibula, anteroextetrial facet B. 6106, right tibia, anterior face; C. 6106, 
right proximal surface. X 5, All drawn as preserved. Abbreviations; a i\ astragalar facet; e f T external facet; e m, external 
malleolus: ft\ femoral condyle: ft, fibular facet; i li, interosseous border; i f\ interna! facet: i fits, interglenoid spine; i m, 
internal malleolus; s a, styloid apophysis, t c f tibial crest. 


Fta. 46. Pucadelphys andinus. A, 6106 r tibia et fibida dwits, face tvuero-exteme; If 6 1 06. tibia droit, face anterieUte; C. 6106, 
tibia droit r surface pmxtmafe. X5. Dess insen f'etaide conservatioti Abreviatimv af facette astragal iewie; e f, facet! e 
exierne; a m, malt foie exierne; f c, eondyte femoral: ff foe rite fibutaire; i h. hard intero&seux; if. facet te interne; 
i g s t epine interglenoide; i wi r maiieate interne; s a, apophyse sfytoide* t c, Crete tihiale. 
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Elements of the pes that include some tarsals and associated metatarsals are represented 
on the lef t and right sides of 6106. Reference of these elements to the pes is certain because the 
tarsals remain articulated with the tibia and fibula. Two other element groupings (6105 left, 6110 
left) are also cautiously assigned to the pes because of their possible relationships with tibia and 
fibula, although in these cases they are not directly articulated with these bones. The elements 
common to these two last groupings are indistinguishable, but the 7cuboids of 6110 are not 
identical to those of 6106 and the ?metatarsals of 6105 are generally shorter and more robust than 
in 6106. We attribute these differences to individual variation, but because the cuboid of the pes 
and unciform of the rnanus arc very similar in didelphids, we are unable to slate decisively that 
the elements in 6105 and 6110 are not, in fact, of the manus. 

Astragalus (Figs 41.45 A and C, and 48). — Three elements: 6106. left, dorsal view—right, 
partial ventral view; 6111, left, ventroposterior view. All three specimens are displaced and 
squeezed between the distal ends of the tibia and fibula on one hand, and the caleaneum on the 
other, and thus are distorted and give only partial views of the bone. 

It appears that no neck separated the “head" from the “body”; the former is only partly 
visible. Dorsally. a continuous ridge (the medial trochlear crest) separates the inner malleolar 
facet l Fig. 48, i m f). deep and elongated, from the tibia! or trochlear facet (t f); the latter is shallow. 
A ridge essentially parallel to the first but weaker and shorter (the lateral trochlear crest) isolates 
a concave fibular facet (f f) on the external side of the astragalus. For the plantar face, and if one 
interprets correctly 6111, the concave surface corresponding to the caleaneum (CaA of Szalay, 
1982) is high and narrow, and limited distalIy by a condyle; a wide interosseus sulcus separates 
the CaA from the distal condyle, where the surfaces for the sustentaculum tali, and for the 
navicular more distally, are practically continuous one with the other. 

Caleaneum (Figs 41.45A and C, 48, 49, 50 and 51; Table 18). — Five elements: 6105, 
complete left, isolated, all views; 6106, nearly complete right, external view - nearly complete left, 
ventral view; 6 i 10. nearly complete right, isolated, all views; 6111, incomplete left, external view. 

The following description is based on 6105 left (Fig. 49). The posterior half or heel accounts 
for almost 50% of the total length of the caleaneum; it curves internally at the posterior end. It is 
high dOrsoventrally and narrow from side-to-side; the dorsal border is even narrower than the 
ventral one. It terminates with a robust tuber calcanei (t c), the posterior face of which slopes 
ante ro vent rally; the medial side is more bulbous than the lateral. The anterior half of the caleaneum 
is subequal in length and breadth. The dorsal surface is dominated by a high, ovale tuberosity for 
one of the two calcaneo-astragalar facets (CaA); medial to it is a broad shelf, the sustentaculum 
tali (s t), supporting the small and ill-defined second calcaneo-astragalar facet; close to the CaA 
is the narrow, anteroposteriorly elongate sulcus calcanei (sc), pierced by a liny vascular foramen. 
The long axis of the CaA is oblique relative to the axis of the heel (-454; its surface itself is convex, 
more so on the external side, and no clear fibular surface (CaFi) is discernible (unless the external 
border of this facet is for the fibula?). Anterior to the CaA is a notable expansion, the distal process 
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p. [; 47 __ Puccuklphys andinus, Stereophotos. A. 6 ! 10,right femur, external view: hal I Libia and libula and last thoracic vertebra, 
ventral view. X 3: B. (it 10. proximal pari of left femur, left ischium, right cuboid and metatarsals II. III. IV. dorsal view, 
X 3. 


Fto. 47. - Pucadclphys andinus. Stereophony. A. 6110. femur (hail, vur exteme; demi-libm el penme el Atrnietes vertibres 
thomeu/ues. iw ventmle. X 3: B. 6110. panic proximate Jit femur gauche, de I'ischicm gauche, du cuboids droit et des 
mitatarsiens 11. ill. IV. me (townie. X 3. 
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{d p), which is slightly convex dorsally. a convexity limited internally by a strong concavity, but the 
sulcus lot the tendon of the peroneus brevis is poorly defined (gtpb). The concavity is limited externally 
by a rounded rim corresponding to a well developed peroneus process {p p) (somewhat incomplete on 
the specimen ). The edge of the distal and peroneal processes limit dorsally thecuboidal facet (c 0. 




Fkt, 48. — Puctulefphys andinus. A, 6106. right pes. dorsal race: B. 6106, left pes. ventrolateral lace; C, 6110, fell metatarsal III. 
proximal extremity, external lace. X 5, Drawn as preserved. Abbreviations: A, astragalus; CA..calcaneum; CU, cuboid; 
F, fibula; MT. metatarsal; NA, navicular, T. tibia: e, cavity for adjacent metatarsal; t m. externa! malleolus; r f, llbular 
facet; i m, internal malleolus; i m pinner malleolar facet; p p f peroneal process; r. ridge, see text; su. sustcntacu tar condyle; 
t f, trochlear facet, 

*' tG ' ~ Pticadelphys andinus. A. 610$ pied dm it, face dor sale: B, 6 f06 t pied gauche, face vmtro-latemte; C. 6 / III metatarsien 

III gauche, ext remit e proximate, face externe. X5. Dessins en t'etai tie conservation , Abreviations: A t astragal#; CA . 
cahatteuffi, CU, cithoule* I\ perone, r A/ T\ metciUirsten* vV/4. naviatlctite,' 1. tibia., c, Cavite desiin.ee cui met a tars ten 
adjcK enf , e in. uuilleole externe; ff x facet tejihulalret itti, ntalleole interne,' ittt f, (acetic tnalleokure internetpp, processus 
pe ranee n; r. cote, voir texte; su, condyle mstmtcicidaire; t f facet te trochlea ire. 
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In plantin' (ventral) view, the peroneal process forms a triangular point anteriorly; it is quite 
protruding and is bordered internally by a bump (b). the distal plantar tubercle; between the two is a 
groove, presumably tor the digit V abductor. The cuboidal facet is vaguely diamond-shaped and quite 
shallow: it is inclined from anterior to posterior and external to internal, and nearly perpendiculat to the 
lone axis of the bone. 

The calcaneum 6110 is smaller than 6105. as is the entire specimen: it is also somewhat abraded. 
Its main difference concerns the cuboidal facet, which is oriented more internally Ihan distally. 



Li,-; 49 ,— PucaJelphvx anil in us. 6105. Icll calcaneum: A. external lace; B. veniral face: C. dorsal lace. X 15. Abbreviations: b, 
bump i see text); CaA. asiragalarcondyte: c f. cuboidal facet; d p.distolateraj process; fit pb. groove for tendon of peroneus 
hrevjs: lu heel; p p, peroneal process: s ife sulcus calcanei; s t, sustcnLaculum tali; t c, mber calcanei. 


p tG 4 K *. — PucatJelphys an it in us. 6105, calcaneum gauche: A, face externe: BJace wnirnle; C face dor sale. X 15. Alleviations: 
h: hosse (voir texted CaA. condyle astmgalien; cf.facette culnmlienne; dp. processus disto-lmeral; gt pin si I Ion pour 
le tendon du penmens brevis: h, talon; p p. processus peroneen; s c\ sulcus calcanei ; $ f, sustentaculum tali; t c , tuber 
calcanei. 
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Navicular digs 4. 41, 45C and 48). — One element: 6106, right, complete but partly 
hidden by adjacent bones. 

C it bold {Figs 45 A and C, 48 and 52; Table 19). — Two certain elements: 6106, ri slat»dorsal 
view—left, plantar view. Two uncertain elements: 6110 right, all views except ventral: and 6105 
left, dorsal and external views, 

The cuboids of 6106 show a triangular dorsal face (Fig. 520), with a distal base articulating 
with the whole surface of metatarsal IV and a small part of metatarsal V (su 1V-V), This dorsal 
face is almost flat; its internal border is slightly indented for the cuneiform. Proximally a crest 
separates the internal and ex ternal surfaces: the former is deep, flat and quadrangular. The external 
tace (Fig. 52B), articulated tor more than the proximal hall with the calcaneum {c s), and dorsally 
with the navicular (n s) seems to be almost flat; the distal half of this external face bears two 
tuberculae separated by a deep pit lor the tendon of the peroneus iongus muscle (t p I). Finally, 
the ventral face seems to be narrow and convex from side-to-side. 

The cuboid? of 6110 differs essentially in its proportions, being stouter, and also in the 
ealcancar facet, which is clearly convex proximodistally. The dorsoexlernal bump is much more 
protruding than the ventral one. These differences may be attributed to better preservation of the 
bone in 61 10. On the distal face, the facet for metatarsals IV and V forms a broad triangle: no relief 
delimitates the respective facets for these two metatarsals; however, that for metatarsal V must 
have been very narrow. A very small astragalar facet is discernible on the proximal corner. 

Cuneiform IV? t Figs 5 and 52A, C; Table 19). — One element: 6110, left, dorsal and internal 

views. 

It is transversely narrow, short, concave and recurved mesially tor contact with cuneiform 
HI, convex laterally for the cuboid. It seems to bear a proximal bump ventral ly. 






Fin. 50. PunuMphys otuKnus. fit 10. right calcaneum: A, plantar view; B, internal view; C. dorsal view; D. external view 
X y. Drawn as preserved. Abbreviations: see caption to Fig. 49. 

hu:. Ml. Pucadelphys andinus. 6110. calcaneum droit: A. vuephntaire; 8, vne interne; C, me dorsal*; D, me extentc. X 9. 
Dessinx m Petal dc conservation. AbreviaUrms: voir legende Fig. 4V 


Source MNHN. Pans 
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Metatarsals (Figs 4B, 33B, 45A and C, 47B and 48; Table 20). — Represented in four 
specimens; 61057, left, II-V. dorsal view; 6106, right. HI V, dorsal view - left, IV and proximal half 
of V, dorsal view; 61107. left, H. Ill and distal part of IV, dorsal view. 

As mentioned above, the relative robustness of the left metapodials of 6105 compared to the 
undisputable metatarsals of 6106 (though of lesser amplitude than the discrepancy observed between 
the foot and hand of Didelphis) led us to suspect the reference of these metapodials to the manus rather 
than pes. Nevertheless, we cautiously choose to interpret this difference as individual variation. 

In length, the middle metatarsals (II, Ill. IV) are about one third the length of the tibia-fibula; 
metatarsals III and IV arc subequal in length. JJ is slightly shorter and V is the shortest. On II to 
IV. the distal end is broader than the proximal; V differs in having, proximally. a broad laterally 
directed fiance (extending well beyond the cuboidai articulation) while its distal end is narrower. 
The shape of these distal ends is similar for III and IV; but on II the mesial side is expanded and 
on V the lateral side is expanded; this end is strongly convex with a deflection on each side, and 
a depression dorsally and ventral ly. On II to IV the diaphysis issubmunded in cross-section at mid- 



Fig\5I . - Duldplvs. Lcl'icalcancum: A. plantar view (with cuboid): B, dorsal view. X 3. Abbreviations: Ca A. asiragalar condyle: 
cu, cuboid process: mlIV. surface lor metatarsal IV; p p, peroneal process: s e. sulcus calcanei; si. sustentaculum tali. 

Fia 5L - Didelphis. Cakmeum gauche: A. vu* ptimtaire (avec cuboMe): II vue darsale. X .1 Abreviati&ns: CaA , condyle 
iwimgfdietvcu. processusatbwtien; milV. surface-pour lemetatarsieti IV: pp, processuspenmeen;sc t sulcus catmnei; 
$t T sustentaculum tali 


Source MNHN, Pans 
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length. Internally and proximally each metatarsal is encased in a pit of the previous one (Fig. 4SC 
c), thus making the pes a rather rigid unit. This arrangement and preservation of the digits IT to V 
suggest that digit 1 was, at least, partly divergent, hence possibly opposable. 

Phalanges (Fig. 33B). - One proximal phalange in 6105 (left). It is about half the length 
or the metatarsals. The proximal extremity is wider than the distal, which is convex with no lateral 
deflection; only a pit borders this convexity on each side. 



Pic. 52. — PuccuieSphys anditm. 6110. lefl '’cuboid and ’.'cuneiform IV: A. proximal face of both; B. external face of ?cuboid; 
C. dorsal lace Ot both; D, distal [ace ot '.’cuboid. X 9. AM drawn as preserved. Abbreviations: c s. calcanear surface; CU. 
cuboid; CUN. cuneiform; ext, external; im. internal; n s, navicular surface: su lit. surface for metatarsal III; su IV. surface 
tor metatarsals IV-V; t p I, pir for tendon of peroncus longus, 

Pueaclelphys and i nos, 6110 t ?cuhoide et ? cuneiform? ! V punches: A, face proximate des deux os; B, fare ext erne dit 
?cubouii‘; C, surface dorsale ties deux as: D.face distal edu ?cuboide. X 9 Oessinsenletaideamsenaiion. Abreviaiions: 
c x, surface Calcarwewie; CU, cubdide; CUN, cimeiforme; err. exteme: int. interne: n x. surface mviculaire: mill, 
stir/in e paw !e tnetatarsien III; sttl\ . surface pour les metatarsiens IV- V; / p 1. fosse pour te tendon da peroneus longus. 


Discussion 

Pelvis. In Henkelothenum, die pelvis is very similar to that of Pueadelphys, with an 
elongate ilium and symphysis, a clear incisura acetabuli. and a small participation of the pubis to 
the acetabulum; however, in Herikelotheriwn. the ilium is relatively longer, apparently not as deep 
and somewhat thicker, and no posterior iliac spine is developed. The ischium is more robust 
distally, the obturator foramen relatively smaller, and the stout os marsupium occupies the whole 
anterior border of the pubis; there is no ilio-pectineus tubercle, which we interpret as the primitive 
state. 


Source. MNHN, Paris 
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In Barunlestc \v. the main differences with Puccideiphys concern the iliac wing, which is 
relatively longer and narrower, and the wider obturator foramen; the ilio-peclineus tubercle is 
developed as well as a sciatic spine. There may have been an os niarsupium in that genus, as 
suggested by the presence ofa concavity on i he anterior margin of l he pubis (Kielan-Jaworowska, 
1975). 

In Metachirus , the ilium is not as everted as in Pttcadelphys ; it is also relatively longer, with 
a thickened anterior border and a not so deep ventral wing. But the ischium and pubis are very 
similar to (hose of Pttcadelphys, with a similar limitation of the os niarsupium to the medial half 
of the anterior border of the pubis, and an open symphysis angle. Perameies also resembles 
Puccideiphys in the high, thin, everted iliac wing, though it is relatively longer; but the ventral face 
of the ilium is wider, and there is practically no incisure in the acetabulum; the os marsupium is 
narrower than in Puccideiphys, being reduced to a rod; Lhe distal ischiatic branch is also wider, 
hence the obturator foramen is smaller and the ventral putaoischiatic carina is not salient. This 
carina is. on the contrary, very salient in Monadelphis , where the ilium is longer relative to the 
ischio-pubic part than in Puccideiphys and thicker than in Metachims. Finally, the pelvis of 
Didelplus is more different, with a much longer and thicker ilium; the lateral ridge is very thick 
and the ventral face is ventroexternal; it has a relatively longer sacral surface for the two sacral 
vertebrae; the os marsupium is much wider distally. The pelvis of Philander is close to that of 
Didelplus , with a lower ilium and a short puboischium, but the very short os marsupium occupies 
only half of the anterior pubic border. The sutures between the three pelvic components are cleat- 
only in the subadull specimen of Metachirus used for comparison. 

We conclude that Puccideiphys has a peramelid-like ilium, the dorsovcntral anterior 
expansion of which we regard as a specialization, as well as the large size ot the obturator foramen 
and the smallness of the os marsupium. But the relative shortness of the ilium and the massiveness 
of the ischio-pubic ensemble conform to what we infer to be the primitive stale. 

Femur. — In Henkelotherium, the femur is very similar to that of Pttcadelphys" but the 
angle between the head and diaphysis is only 3(T and there is no third trochanter. Barunlestes 
shows more differences: angle 60°, neck longer, greater trochanter higher, lesser trochanter less 
expanded proximodistally but more internally, internal condyle larger, 

The femur of Metachirus is, as the humerus, more slender than that of Pttcadelphys . with 
also a longer neck; the tuberosity internal to the trochanteric fossa is much more prominent, the 
greater trochanter reaches higher and there is hardly any third trochanter (the latter is said to be 
rare in marsupials; only three genera are mentioned by Osgood, 1921); finally, the slope of the 
distal border is quite steep, the medial condyle extending distally beyond that of the lateral 
condyle. The same remarks apply to Didelplus, where these features are more accentuated. The 
femur of Philander is robust and particularly wide distally: the neck and lesser trochanter are well 
developed, and the greater trochanter reaches the top of the head. The femur of Monode Ip his 
resembles that of PucadelphyS in its proportions, its low greater trochanter and the quasi-absence 
ofa neck, but the intertrochanteric fossa is less deep, the lesser trochanter is not so well developed 
though of the same shape and there is no third trochanter, no more than in Perameies ; in this genus 
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lie I esse i trochanter is even more reduced, and shows again some specializations, particularly 
distal ly. that arc probably related to fossorial adaptations. The fovea capitis occupies the same 
position m Pucadelphys and Metachirus, but it is better delimited and deeper in the latter: it is also 
taint m Monodelphis and poorly delimited, but situated higher on the head; it is eccentric in 
Eozosirodon too, less so in Didelphis and Perameles, but clearly circular. 

Overall, the femur of Pucadelphys appears somewhat more generalized than those of the 
living didelphids. 

Tibia-Fibula. From the figurations, the tibia oTHenkelotherium seems to have been more 
ciiived than in Pucadelphys: in any case this is true of Metachirus. where the bone narrows more 
in the distal hall. But in the latter genus, the general morphology is very close to that of 
Pucadelphys, inc 1 tiding details oflhc proximal surface and those of the internal face of the internal 
malleolus, One difference concerns the medial proximal facet, which is narrower, longer and 
deeper; these characters are even more accentuated in Didelphis and Perameles. The tibia of 
Monodelphis is also sigmoidal, narrower anteroposteriorly, but otherwise again very similar to 
that of Pucadelphys. 

In Batunlestes the tibia and tibula are partly fused (an apomorphy found in some 
eulherians), and the tibia is more curved and narrower distal ly than in Pucadelphys. 

In Henkelotherium, the libula remains quite thick as in Pucadelphys. In Metachirus (and 
Monodelphis) die fibula is at the same time much more slender and more expanded proximally, 
and the tibia! articular surface is less salient medially and distally. The specialisations toward 
fossorial adaptations observed on the femur of Perameles apply to the tibia-fibula. In all 
didelphids the two bones are completely and widely separated. 

The fibula of Pucadelphys is clearly not as specialized as in living didelphids, being 
i nlermediate between those of the latter and that of Henkelotherium. 

Astragalus. — 1 he astragalus of Pucadelphys differs from that of Didelphis, where a short 
neck separates head and body: the condition in Pucadelphys. also present in Cuenolestes, is 
c ons ide led to be pi imitive by Osgood (1921). 1 he configuration of the two tibial facets suggests 
that tile tibia ol'Pucadelphys was well locked with the astragalus so as to allow only slight Serai 
movements, Moreover, in Didelphis the CuA is more crescent-like, the interosseous relatively 
narrower and the condyle for the sustentaculum tali is more distinct. Dorsal ly the trochlear is even 
shallower but wider, 

Only a very partial astragalus is preserved in Henkelotherium. That of Barunlestes is very 
different, with a distinct neck, and a medial ridge shorter than the lateral ridge. The astragalus of 
Dl ccanolestes. a placental Irom the late Cretaceous ot India, is ol interest in our comparisons 
because it has been shown by Godinot & Prasad (1994) to display arboreal specializations, in the 
trochlea (lateral crest higher than the medial crest, a condition opposite to that of Pucadelphys), 
in the angulation ol the navicular facet relative to the sustentacular facet (again contrary to the 
situation of Pucadelphys). 

Calcaneum. — The preserved part of the ealcaneum ol Henkelotherium is reduced to the 
tuber calcis. That of Zalambdalestes lacks a peroneal tubercle and the cuboidaf facet is 
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perpendicular to the long axis of the bone, both states being more derived than those of 
Pucadelphvs. In Didelphis) Fig. 51}, the calcaneum has a relatively shorter heel, the sustentacular 
facet is clearly delimited (not in Pucadelphys) but there is no deep sulcus between it and the CaA; 
the long axis of the CaA (which is relatively less salient) is not so oblique relative to that of the 
heel. An important specialization of the calcaneum of didelphids is the plantar indentation which 
extends the euboidal facet, itself completely terminal; the distoventral orientation of the cuboidal 
facet in Pucadelphys would thus seem to foreshadow the didelphid state. 

The calcaneum of Pucadelphys is thus different from that of Szalay's “metatherian 
morphotype” (1982a and b); in particular, the apparent absence of a fibular facet (CaFi. Szalay, 

1982) corresponds rather to his “didelphid morphotype tarsus", with a bicontact upper ankle joint 
(UAJ); however, this calcaneum resembles the plesiomorphic metatherian morphotype in having 
a large peroneal process and “remarkably broad transverse dimensions from peroneal process to 
the medial margin of the sustentaculum' (Szalay, 1982a: 626). The presence ol a large peroneal 
process is also mentioned in Deccanolestes (Prasad & Godinot, 1994) but is there interpreted as 
"related to powerful movements of inversion and eversion”, lienee to a very mobile foot: this 
character is indeed associated, in this genus, with other indicators of such a condition, for instance: 
difference in the size of the astragalarand calcanear caA, well rounded astragalar navicular facet. 

Cuboid. — The cuboid of Didelphis is indented distally. and the articular surface for 
metatarsal V is better delimited. The greatest difference occurs ventraliy. with the development 
of the proximal longitudinal process directed towards the secondary facet on the calcaneum. The 
intermeshing of cuboid and cuneiform III occurs in Didelphis and also in Philander. 

Pes. — No tarsus of Metuchuus, Philander or Monodelphis was available tor comparison. 
The pes of Pcrameles is very specialized for digging, with a narrow tarsus and metatarsus. 

In Henkelotherhtm , the metatarsals represent about 1/3 of the length of the tibia-fibula. In 
Monodelphis. the metatarsals equal less than 1/4 the length of tibia-fibula and the digits are 
interlocked proximally as in Pucadelphys. In Philander, the metatarsals are short (1 /6th the length 
of tibia-fibula) and not linked to one another; II>m =IV>V. In Didelphis. the metatarsals, 
independent from one another, are only I /5th the length of the tibia-fibula: III>II =IV>V. 

Thus, the foot of Pucadelphys (where the metatarsals represent more than 1/3 the length of 
the tibia-fibula) was relatively long and rigid. 

The proximal phalanges are almost as long as the metatarsals in Henkelotheriiim and 
Philander, slightly more than half as long in Monodelphis and Didelphis (and about half in 
Pucadelphys). 


HABITS 


About 22 species of mammals arc known frptnTiupampa, of which 50% are eutherian and 50% 
metatherian. As demonstrated by all skeletal and dental remains thus far collected, Pucadelphys 
andinus is the most abundant species of mammal in this fauna (Marshall & Muizqn, 1988). 
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Based on the adult specimens (6105 and 6106), Pucadelphysandinus measured about 135 
mm fiom lip oi snout to base ol tail, and about 270 mm from tip of snout to tip of tail (assuming 
the presence ol ±30 caudal vertebrae). In size it compares with some living species of Marmoset 
and with Lestodelphis halli (Marshall, 1977). and thus weighed about 50 grams. 

Locomotion. — Many living didelphids are terrestrial (e.g. Littreolina, Lestodelphis , 
Metachims, Mounded phis, some Mannosa) and those that have arboreal capabilities {e.g. some 
Manama, Philander , Diilelphis) are often found on the ground. Perameles is specialized for 
digging and lives in burrows. From the above description, what can be deduced about the 
locomotion in Pucadelphys ? 

[Iildlbrand (1961) concluded from his study of body proportions in didelphids that the 
measurements of the various long bones did not yield any significant results: “the more arboreal 
animals differ from the semi-arboreal and terrestrial animals in behavior patterns but not in 
morphology”. Also, Jenkins (1971) insisted justly on the importance of physiological factors in 
locomotion : "even if biomechanical conditions are similar, there may be profound differences .. 
m, for example, agility, in ratio or intensity of locomotor activity"; and in 1974. the same author 
noted, the differences between arboreality and terrestrialily of tree shrews is at times only 
behavioral”. Finally, Barnett* Napier (1953) wrote that “there is remarkably little morphologic 
difference between the form and mobility of the fibula in the ecologically distinct species 
(arboreal, unspecialized terrestrial and aquatic)”. However. Grand (1983) remarked that, 
whereas Metachi ms and Monodelphis are both terrestrial, the hindiimb elongation in the former 
genus coincides with its agility and bounding locomotion; Monodelphis, with his subequal 
anterior and posterior limbs, remains effectively slower. 

Belore proposing locomotion capabilities of Pucadelphys. we shall summarize its skeletal 
characteristics; 

1. Short spinous processes of the cervicals, are compatible with good flexibility of the neck. 

2, Large dorsal metapophyses, long lumbar spinous processes as well as broad distal end of 
humerus are suggestive of digging abilities, while the same long and widely distant lumbar spines 
favor leaping capabilities (Semper, 1946; Gambaryan, pers. comm.. 1992). 

5. The smallness of the space between ulna and radius suggests a very limited rotation of the 
tor cat m; the relation between the two bones seems to indicate a slight anterocxternal proximal 
supetposition, a side-by-side position along the diaphyses and a slight anterointernal superposi¬ 
tion distal ly. 

4. Ihc pelvis usually reflects locomotory specializations: leaping or digging forms have recog¬ 
nizable lealuies on the hone, but these are extreme cases; tor less specialized forms, interpretation 
is not so clear. Also, the shape ot the pelvis not only depends on function but also on its relation 
to the viscera, as indicated by Elftman (1929). In Pucadelphys we have noted a possible mobility 
ol the sacro-iliac joint (as in Perameles ): the broad ness of the sac rum and the large ilio-sacral angle 
(both as in the digging form Perameles)', the wide, flat and laterally flaring surfaces for the erector 
spinae and gluteus medius (abductor and extensor of the thigh), again as in Perameles: similarly 
the pronounced downward curvature of the transverse processes of lumbar vertebrae corresponds 
to powerful erector spinae (Elftman, 1929). The propulsive part part of the pel vis (behind the iliac 
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blade) is short, though not as short as in Peranieles. The ischia are elongated to provide level age 
for the hamstrings and increase the power of the adductors as extensors of the thigh as in leaping 
or digging forms; measurements for is/il ratio are: Peranieles, 0.67: Pucadelphys, 0.53; Didelphis , 
Q36\Mehichirus, 0.47; Monodelphis, 0.37. All of these observations suggest digging capabilities 
for Pucadelphvs. However, the posterior border of the ischium is slightly inclined forward and 
downward (while it is more vertical in Peranieles): this can be interpreted as giving less strength 
to the extensors: also there is no strong buttress on the acetabulum, anteriorly or posteriorly (such 
a buttress is strong in digging forms), and finally the iliac muscle (which extends from the ventral 
surface of the ilium to the smaller trochanter and prevents the body from falling forward when 
digging) is esteemed to have been modest in Pucadelphvs. But it should be kept in mind that there 
are many ways of digging and thus adaptive strategies can be different. 

5. Relative limb proportions of Pucadelphys, with subequal lore- and Hindi imbs. ai e inleimediute 
between those of Metachirus and Monodelphis , and testify to a good agility (Julien-Laferkigre, 
1991). 

6. A tibia locked to the astragalus corresponds to a relatively rigid hindlimb (as opposed to an 
arboreal form); the relatively strong fibula (as in generalized marsupials: Barnett & Napier, 
1953) has only a limited distal contact with the tibia. Finally, the well developed internal and 
external malleoli usually indicate saltatorial capabilities (Barnett & Napier, 1953) 

7. The astragalus and calcaneum of Pucadelphys do not show arboreal specializations such as 
mentioned above (Godinot & Prasad, 1994), though the large peroneal process may indicate good 
mobility. The pes is relatively long, and it is deduced from the preservation of 6106 that the 1st 
digit (itself missing on the specimen) was at least slightly divergent: it not, one would assume that 
metatarsal 1 would have been preserved along with 11 and 111 (the big toe is only slightly divergent 
in Monodelphis, more so in Metachims : note that divergence does not necessarily mean 
opposabil ity, and simple opposability does not mean arboreality). Moreover, the united metapodials 
suggest a rigid pes; united digits and long melapodes are usually related to digitigrady, but the 
latter normally accompanies at least a reduction of digit I, a situation unknown in Pucadelphys. 
Finally, the configuration of the tibio-asiragalus joint is not known; we thus ignore if it was such 
as to allow reversal of the foot, as observed by Jenkins & M; Learn (1984) in some ai boreal 
didelphids. 

Based on the above, we prudently infer that Pucadelphys was essentially terrestrial, quite 
agile but nei ther cursorial nor saltatorial: it appears to have been capable of bounding and also of 
some digging, these two alii lilies being less developed than in Metachirus and Peranieles 
respectively. 

Way t if life. — Pucadelphys was probably nocturnal as are most living didelphids, sleeping 
in a burrow-nest during the day and foraging for food at night. Most living didelphids are solitary 
except during the breeding season (Walker, 1964); McManus (1970) stresses the pool social 
behavior of Didelphis. However, it is not uncommon that one individual would share a burrow 
with a congenere (or even a “foreigner , Siiirer & Pitch, 1970), especially in cold weathei 
(didelphids with their naked ears, tail and paws are ill adapted to cold weather: Fitch & Shirer. 
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1970) and also depending on the population density (Crawley .1973). Yet, there arc no records 
that two males would huddle together (McManus, 1970; Shirer & Fitch. 1970). These 
observations suggest two interpretations for the specimen-pairs of Pucadelphys andinus: 1) they 
were male-female pairs that bonded for a restricted breeding season: or 2) that they were two 
females that shared the same burrow. For females of Didelplris, Fitch & Shirer (1970) have 
observed that, “from time to time, two individuals were staying together in the same den 
simultaneously; on some occasions it seemed that the animals must have been side-by-side and 
in actual contact" A definitive choice between these two interpretations is not possible, as there 
arc no features in either the skull or skeleton of didelphids which permit secure sexual 
identification [although in small mammals, females are often larger than males; Wooller etal ., 
1981; but in Trichosttrits, males are only 1% larger than females (Crawley , 1973)]. Nevertheless, 
(he occurrence of two specimen-pairs (i.e., a repeated association) of Pucadelphys at Tiupampa 
suggests the most natural and simplistic relationship (i.e. male-female pairs), rendering the first 
interpretation as most likely. 

Ground nests of all of the mentioned didelphids have been found in hollow logs, under rocks 
or in burrows (Walker, 1964). Didelphis curls in a den when it is cool, limbs close to the body, 
head under body; when very hot it lies on its back (McManus, 1970). Thus, the “died-in-a-burrow” 
hypothesis (see above), and the three dimensional lile-like position ol the fossilized specimens are 
consistent with observed behavior and habits of some living didelphid taxa. 


CONCLUSIONS 


The vertebrate fauna from Tiupampa accumulated in channels of meandering rivers on a flat 
alluvial plain. 1 he presence ol several groupsot crocodiles attests to a warm, probably subtropical 
climate. 1 he fauna is from the middle member of the Santa Lucia Formation which, based on a 
detailed magnetostratigraphk study, would be between 59.5 and 59.0Ma (Semperec/ ah, in prep.). 

The four specimens of Pucadelphysandinus described here represent the earliest and most 
complete articulated skeletons of metatherians yet known. The two sets of what are interpreted 
to be male-female pairs were found in a three dimensional, life-like, snout-rump position in 
burrow-nests that were apparently dug in a river bank. The animals probably died as the result 
of a Hood which entrapped them in their burrows and filled the latter with water and sediment. 
Functional considerations ol the skeletons suggest that Pucadelphys was essentially terrestrial, 
quite agile, and possessed limited bounding and digging capabilities. The vast majority of 
character states in the skeleton of Pucadelphys are regarded as mammalian, tribosphenic and 
metatherian plcsiomorphies (i.e. atlas imperforate and with a persisting suture between ossified 
intercentrum and atlantal arch; absence of transverse canal on axis, with possible unfused rib: 
absence ol enclosed transverse canal on CV7; strong fibula; presence of ossified os marsupium). 
The plesiomorphic states of the cervical vertebrae are not collectively found in any living 
didelphid examined. 

Numerous other skeletal features of Pucadelphys also do not occur as a suite in any of the 
didelphids examined. These include: I) a single fulcral vertebra <S2); 2) a long, non-prehensile 
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tail; 3) specialized lumbar series (gradual lengthening of vertebral body and transverse processes, 
and long anteriorly directed neural spines): 4) specialized pelvis (ilium dorsoventrally expanded 
anteriorly, large obturator foramen, small os marsupium); 5) possible movable satero-iliac joint; 
and 6) digging specializations of the humerus [no third distal articular surface (Osgood. 1921), 
large areas for extensors of forearm and carpus]. Except for feature 2 and a small os marsupium 
(part of 4). the others are specializations reflecting (he bounding and digging capabilities noted 
above. 

The only postcranial element that reflects the phylogenetic position of Pucadelphys 
within Meiatheriais the calcaneum. This bone has a bicontact upper ankle joint (UAJ) which is 
diagnostic of the family Didelphidae: moreover, the partially plantar orientation of the cuboidal 
facet can be interpreted as foreshadowing the state in living Didelphidae where the calcaneum has 
a distinct ventral indentation of the cuboidal facet. The calcaneum of Pucadelphys also 
approaches the "plesiomorphic metatherian morphotype" of Szalay (1982a, b; 1984) in having 
a large peroneal process and remarkably broad transverse dimensions from peroneal process to 
the medial margin of the sustentaculum, This combination of tarsal states supports the interpre¬ 
tation based on the study of the skull, dentary and dentition (Marshall & Muizon, this volume) 
that Pucadelphys represents the most plesiorUOrphie taxon within the family Didelphidae. 
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APPENDIX: measurements 


In the following tables, all measurements (in nun) are of specimens of Pucadetphys. The abbreviation ca. 
j s use J i; n ( he sense of ■estimated”, lint it should he made clear that all measurements are to be taken with caution, 
the figures obtained depending on the orientation and focus chooser* by the operator, 

Dans lex tableaux snivants, unites les mesa res (en mm) sow relies de Pucadelphys andinus. L abrevmtion 
ea indique qtt'il s 'agit d 'tine estimation. Mats tomes ces mesures doivent etre considcrees avec prudence, les valent s 
ninenues dependant en panic de!’orientation et de la mise cat point chmsies par ! operatettr. 


Table 1. — Measurements of atlas and axis. 
tableau 1 t — Mesures de / atlas et de I'm is. 


specimen 

6105 

6110 

Allas. liCVI); 



Width ofaxoidian facet 

1,5 

L3 

M \m length of arch 

2.0 

2.4 

Ventral length 

03 

1,2 

Axis fCV2); 



Length of neural arch 

4.1 

4,2 

Mxm length 

5.4 

4,7 

1 [eight of dens 

0J 

0-5 

Width of dens 

1.2 

1.1 

Height of neuraJ arch 

ca,3.9 

ca. 3,9 

Mxm width at all an La I articulation 

5.0 

4,4 

Width of rv proc. (dorsal root) as preserved 

8.0 


Posterior width of centrum 

3:8 

2.4 


Table 2. — Measurements of cervical vertebrae 3 to 7. 
Tableau 2, — Mesures de a vertehres cenncaies 3 a 7. 


specimen 


6105 

CV 3 

Centrum! 

Length 

2.4 



Anterior width 

2,4 



Posterior width 

2,6 

CV 4 

Centrum: 

Length 

2.0 



Anterior width 

2,S 



Posterior width 

2-6 

CV 5 

Centrum: 

Length 

LB 

CV 6 

Centrum* 

Length 

L7 

CV 7 

Centrum: 

Length 

1.65 
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3. — Measurements of thoracic vertebrae 
Tableau 3. - Mesures des vertebres thoraciques. 


specimen 


6105 

6106 

6110 

61 i t 

TI 

Cem rum 

1 jength 

2.3 

2,4 





Anterior width 

29 

L9 





Posterior width 

23 

2,0 




Width of transverse processes 

8,4 

6,8 



T2 

Centrum; 

Length 

2A 

2.4 





Anterior width 

13 






Posterior width 

2,8 





Width ltF transverse processes 

ca. 5.0 




T3 

Centrum: 

Length 

2:5 

2.7 




Width of transverse processes 


ca, 5,0 



T4 

Centrum: 

Length 

2.75 

2,7 



T5 

Centrum: 

Length 

16 

19 



T6 

Centrum: 

Length 

2,55 

2.8 

12 




Anterior width 



ca. 1 6 




Posterior width 



C£L 1.8 


T7 

Centrum: 

Length 

10 

3.0 

ca. 2,2 




Anterior width 



ca,l,6 




Posterior width 



caM.7 


T8 

Centrum: 

Length 

16 

3.0 

2.2 




Anterior width 



ca. 2.0 




Posterior width 



ca. 2.0 


T9 

Cent rui vi: 

Length 

CtLlS 

3-0 

2.3 

ca, 1.9 



Anterior width 



ea. 2.1 




Posterior width 



m 2.2 


TIO 

Centrum: 

Length 


3.1 

2 r 3 

ca. 1.9 

Til 

Centrum: 

Length 


3,1 

2.4 

cu_ 2.0 

TI2 

Centrum: 

Length 


3,2 

2,45 

2.4 

Tl 3 

Centrum: 

Length 


3,6 

2,65 

2.5 
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Table 4, — Measurements of lumbar vertebrae. 
Tableau 4 . — Aferarra ties veriebres lombaites. 


specimen 


6106 


6i in 


611! 


3/7 


3.0 


2,5 


Lt Centrum: Lenglh 

Anterior width 
Posterior width 
Width of Inins verse processes 

L2 Centrum. LetTgth 

Anterior width 
Posterior width 
Width of transverse processes 

L3 Centrum: Length 

Anterior width 
Posterior width 
Width of transverse processes 

L4 Centrum Length 

Anterior width 
Posterior width 
Width of transverse processes 
Length or spinous process 

L5 Cenmmi: Length 

Anterior width 
Posterior wid I h 

Width of transverse processes 
length of spinous process 

L6 Centrum: Length 

Anterior width 
Posterior Width 
Width of transverse processes 
Length of spinous process 


3 0 


2.0 

3.6 

4;0 


ca, 2,4 

4.5 

2,9 

2.8 

5 r 0 

3.0 

ca, 2.9 

4.9 

33 

at, 3.3 

2.8 

3.0 

5.6 

4,0 


53 

2,8 

3.1 

6.5 

4.00 

3,S 

33 

5.0 

3.0 

3.5 

3.7 

4.5 

6.9 

4.20 

3, t 


4.3 

3.0 

ea. 2.9 

3.9 

8,1 

4.90 

2.5 



Table 5, — Measurements of sacral vertebrae. 
Tableau 5. — Mesures des vertebrassacries. 


specimen 


6106 

6110 

6111 

S 1 + 5 2 

Length 

7.4 

6.5 

5,5 

S 1 

Centrum: Length 

3.4 

5 A 

Cte 2.5 


Anterior width 


23 



Posterior width 

3.0 

23 

ca 1.9 


Width of transverse processes between pelves 

10,0 

8.4 

6.6 

$ 2 

Centrum Length 

4.0 

3.4 

ca, 2,5 


Anterior width 

3.0 

ca, 2,3 



Posterior width 

3,0 




Sacral foramen: 

0) 

to 



Length 

1.0 

1 05 



Width 

CO 

L0 



Source. MNHN, Pans 








PUCADELPHYS ANDINUS: POSTCRANIAL SKELETON 


159 


Table 6a. — Measurements of caudal vertebrae (Cl - OJh 
Tableau 6a. — Me sure s des vcrlebres cattdafes (Cl ■ C9 j. 


specimen 


6106 

6110 

6! 11 

C 1 

Cenimtn: Length 


3,7 


ca. 2.3 


Anterior width 


2,5 




Posterior width 


2,6 



C 2 

Centrum: Length 


3.7 


ca, 2,3 


Anterior width 


2.5 

22 



Posterior width 


17 

ca. 225 



Width of transverse processes 


ca, 10.0 



C3 

Centrum: Length 


3.5 


2.8 


Anterior width 






Posterior width 



11. 



Width of transverse processes 


ca. 9.8 

ca. 5.5 


C 4 

Centrum;: Length 


3.5 

ea. 2 6 

2,5 


Anterior width 



1,9 



Posterior w idth 


3.0 

1.7 

2.4 


Width of transverse processes 


9.0 

ea, 6.6 

5.6 

C 5 

Centrum Length 


4.0 

ca. 3,5 

3.3 


Anterior width 


24 

1.9 

1.9 


Posterior width 


2J 


2.2 


Width or transverse processes 



ca. 54 

6.0 

C 6 

Centrum: length 


5,5 


4.3 


Anterior width 


2.T5 


11 


Posterior width 


2*9 


is 


Width of transverse processes 


ca. 7,0 


44 

C7 

Centrum: Length 


7.0 


5.0 


Anterior width 


2.7 


22 


Posterior w idth 


3.0 


22 


Width of transverse processes: 

anterior 

4J 


4.8 



posterior 

ea. 6.0 



C8 

Centrum: Length 


7.7 


6.9 


Anterior width 


16 


2,5 


Posterior width 


11 


2.3 


W id E h i ) r t ra n s verse p metises: 

anterior 

5.8 





posterior 

4.6 



C 9 

Centrum: Length 


8.0 




Anterior widLh 


2.4 


22 


Posterior width 


2.3 




Width of transverse processes: 

anterior 

4.6 





posterior 

4,0 




Source MNHN, Pans 
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Table 6b. — Measurements of caudal vertebrae (C167, C177, C207, C2 ] ?). 
Tableau 6h — Manures ties wnehres mudates {C16?, CI7?, C20?. C21? J, 


spfg$nien 


61 iO 

c m 

Centrum: 

Length 

oil 6.5 



Anterior width 

L 9 



Width o 1" transver\e pro'ccsses: anterior 

2.9 

C J 77 

Centrum; 

Length 

7.6 



Anterior width 

1.4 



Posterior width 

L4 

C20? 

Centrum 

Length 

6.1 



Anterior width 

i .4 



Posterior width 

14 

cm 

Centrum: 

Length 

Anterior width 

6,4 

1.3 



Posterior width 

1.2 


Table 7. — Measurements of scapula* 
Tamem 7. — Mesures de Pom opiate. 


specimen 

6105 

6106 


(!) 

(1) 

(r) 

Length 

Cil. ] 5,0 


ca.18.0 

Maximum proximal width 


IS 

4,0 

Width of glenoid fossa 


ca. 2.0 

ca. 2.0 


Taule $. — Meastire men t s d f c I n vicle 

Tableau 4 — Mpwrex de la clavicuh. 


specimen 

6105 

(!) 

6110 

0) 

l.r) 

Length 

10.5 



Width of sterna! end 

2.0 

ea. 1.8 


Width of scapular end 

u 


L2 

Median width 

0,9 

0,8 

0.7 


Source MNHN, Pans 
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Table 9 , — Measurements of intcrclavickx 
Tmileav 9 . - Me sit res de V interclavicide, 


specimen 

6105 

Total length 

8,9 

Length anterior to costal luberculae 

3J 

Length posterior to costal tuhereulae 

5.0 

Width of end Cephalic 

1.2 

caudal 

1,4 

Width between costal mherculae 

3.7 


Table 10 , — Measurements of humerus, 
Tabul\ u 10. — Mesuresde / 'hi truer us. 


specimen 

5105 

(1) 

6106 

(1) 

6110 

(D frl 

Length 

17,5 

207 

cit. 16,3 17,0 

Transverse width proximal end 



■u 

Am.-post, width proximal end 


3.7 

3,75 3.4 

Transverse width distal cm 1 

6.3 

6,0 

4.5 


Table 11 . — Measurements of ulna, 
Tableau !L — Me si i res du cubitus. 


Specimen 

6105 

(l> 

6106 

ID 

61 10 

CD 

new specimen 
(D 

Length of olecranon + sigmoid cavity 



ea. 4.6 

5.0 

Length of sigmoid cavity 


L9 

1 M 

2:5 

Depth of olecranon at mid-length 


L6 

2 .1 

2.0 

Depth of sigmoid cavity at mid-length 

1.9 

1.9 

1.7 

1.7 


Table 12. — Measurements of radius, 
TmilL ) v 12. — Mesures du radius. 


specimen 6105 

61 10 

(I) 

11) 

Length 

Width of pmxlmat a rt jeu 1 ar surface 1.65 

Mini el m in width of diaphysis 1 . t 

ca, F 4.0 
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Table 13. — Measurements of pelvis. 
Tableau /J. — Mesures dtt bossitu 


specimen 

6106 
(1) 

6l 10 

0) 

6in 

0 w 

Length (anl. edge of ilium to post, edge of ischiu m) 

24.0 


18,0 

Width between iliac wings tam. width) 

17.0 


ca> 10,0 

Width between lateral edges rif ischium (post width) 

13.0 


ca 3 0.0 

Length of pubic symphysis 

[0.0 


ca. 8.0 

Length of ilium 

etc 10.0 


10*0 csl 9.0 

Length of ischium 


ca.8.0 

s:S 9,0 

Width of post , end of ischium 


ea_4*5 

4.5 

Obturator foramen Length 

6,8 



Width 

4.1 




Table 14, — Measurements of os marsupium. 
Tableau 14 — Mesitres de Vos marsupial 


Speci men 

6106 

0) (D 

Length 

m 

Width of contact with pelvis 

3J 3.2 


Table 15, — Measurements of femur. 
Tableau 15. — Memres du femur 


specimen 

6106 

(1) 

tr) 

6110 

(1) 


(I) 

6111 

(X) 

Length 

25,0 

24.5 

ea. 20.0 

21.0 

19.3 

19,0 

Proximal transverse width 

5.7 

5.8 

5,6 



4.5 

Distal trims verse width 

ca. 4.4 

4,3 

4.3 

4.0 



Distal ant.-post. width 

3.6 

3*5 

ca3-6 

ca.3.8 

3.3 



Source ; MNHN. Pans 
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Table 16. ■— Measurements of tibia, 
7'ableau 16. — Mesures tin tibia. 


specimen 

61 OS 
fl) 

6106 

(IJ (r) 

6110 

(D 

6111 

(r) 

Length 

23,5 


26,5 


ca, 19.0 

ProxiEtsail transverse width 

17 


3,8 

4,0 


Proximal ant.^post. width 

3,3 

3.4 

33 

ea. 3 ,1 


Transverse distal width 

3.3 

ca.3,l 

ca. 3. i 


2.2 


Table 17. — Measurements of fibula. 
Tableau 17. — Mesures du perone. 


specimen 

6105 

(1) 

6106 

!i) (r) 

6110 

(1) 

6 ! 11 

(t) 

Length 

cel 22.5 

or 24,5 



Proximal transverse width 

ca. 3,0 

ea, 3.0 

16 


ProXimi! ant -post. widLh 

IM 




Tm n s verse d is t a \ w i dth 


23 2A 


2.0 

Am -post, distal width 

2.0 



1.7 


Table 18 — Measurements of calcaneum. 
Tableau 18, - Mesures dit calcaneam. 


specimen 

6106 

0 ) <D 

6110 

(r) 

6111 
m 

Length 

53 5.6 

4.2 

ca. 4,0 

Width of tuber 

L5 1.6 



Distal width 

4.0 




Source MNHN. Pans 
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Table 19.. — Measurements of larsahi 
Tableau 19, — Mesures des tarsiens. 


specimen 

6105 

(1) 

6106 

(D 

6no 

at 

Cuboid: 

Length (dorsal length) 

1:6 

23 

1.6 

Distal width 

1 65 

L5 

1,5 

Cuneiform IV: 

Length (dorsal length) 
Distal width 



l,Q 

0,6 


Table 20, — Measurement of mcmpodials. 

Tableau 20. - Most ires, des metapodes. 

specimen 

6105 

(1) 

6106 

(r) 

6110 

(II 

Metapodkil II 




Length 

7.0 


ca. 6.5 

-Frtiximal width 

0,9 


0.8 

Distal width 

1,5 


ca. 1.25 

Metapadial 111 




Length 

7.5 

ca, 8.0 

ca, 7.0 

Proximal width 

LL 

l.l 

0,8 

Distal width 

1,5 

14 


Met apod ial 3 V. 




Length 

eu. 7,5 

8.0 

ca 7,0 

Proximal width 


1.1 


Distal width 


m 


Metapodial V: 




Length 

6.0 

63 


Proximal width 

2.15 

2.5 


Distal width 

13 



Proximal phalanx: 

T4 





Source MNHN. Pans 













